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PREFACE. 



Notwithstanding the recent multiplication of works on Nat- 
ural Philosophy, intended for those pupils who are found in the 
more advanced classes of our Academies and High Schools, yet 
the " Compendium" of Professor Olmsted has continued in use 
somewhat extensively to the present time. Of late, however 
the demand has been frequently made for another and more thor- 
ough revision. In attempting such a revision, while I have ad- 
hered to the general plan of the author, I have endeavored to 
discuss all the subjects with more conciseness, keeping in view 
the fact, that the work is used chiefly for recitation. And, as 
it is designed for a class of learners entirely distinct from 'those 

for whom the College edition was prepared, I have avoided al- 
most entirely the transfer of paragraphs, or even sentences from 

that work to this. In a few instances the arrangement of topics 

« 
is changed, to secure a more natural connection between them. 

In Hydraulics, Acoustics, and Optics, I have endeavored to con- 
vey definite ideas of the nature of wave-motion, as it exists in 

« 

water, air, and the luminiferous ether ; and in Optics, have in- 



« PSEFACB. 

troilnoed a brief account of those interesting propertieB of light, 

« 

which avB of recent discovery, and to which there is only an al- 
hision in precedii^ editions. 

It is hoped that the changes thus made will meet the 
wibhcs of those who have desired a revision, and that the more 
ccHMlensed statements and descriptions will be found to adapt 
the work better than before to the purposes of the class-room. 

£. S. Snell. 
CoLLBOX, SepkmibeT^ 1863. 
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COMPENDIUM 



or 



NATURAL PHILOSOPHY. 



INTBODUCTION. GENERAL PROPERTIES OF MATTER. 

1. Definitions, — Natural Philosophy, or Physics, is tlie 
name of the science which treats of the general laws of matter. 
The word law, in this definition, signifiesUA^ uniform mode in 
fjohich the forces of nature act. Thus, it is a law of filling 
bodies, that the distances vary as the squares of the times ; and 
in optics it is the law of the reflection of light, that the angle 
of incidence equals the angle of reflection. The falling of bodies, 
and the reflection of light, always take place in accordance 
with these statements ; hence they are called laws, 

A body is any portion of matter of whatever kind* If the 
body is exceedingly small, it is called a particle. 

The general laws considered in Natural Philosophy, relate to 
bodies or particles of matter, without regard to the particular 
hind of matter of which they consist The ^linutest* portions, 

Define Natural PWMophy. What does the word law signify t Give ex- 
amples. Define hod/yt hndparticU. To what do the general laws of philos- 
ophy relate ? 

1* 
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into which matter can in anj way be divided, are called atoms; 
and these possess yarions properties, and according to their kind 
act in different modes on each other. The specific laws, govern- 
ing the mntnal action of atoms, belong to the science of Chem- 
istry, and not to Natural Philosophy. 

3. Force is any cause which tends to move a body, or to 
•change its motion. Thus, gravity is a force, tending to move 
bodies toward the centre of the earth. The momentum of wa- 
ter, the elasticity of steam, and the strength of animals, are also 
forces, which are constantly in operation, producing and chang- 
ing the motions of bodies. 

• A fbrce is called impulsive, if it has no sensible continuance ; 
if it continues to act for a time, it is called accelerative. 

Mass signifies the quantity of matter in a body ; volume, the 
space which it occupies ; and density, the quantity as compared 
with the space. The unoccupied parts within the volume of a 
body are'called pores. 

3* Extension and impenetrability. — ^These are two properties 
of matter, which are not only universal, but essential to its very 
existence. A particle of matter, however small, fills some space 
— ^has some length, breadth, and thickness ; or, in other words, 
has extension. It also excludes every other particle from that 
space, so long as it occupies it; that is, it is impenetrable. When 
a nail is driven into wood, the particles of wood are displaced 
by the nail, and no two particles occupy the same place at once. 
So water, when it soaks into wood, only fills the pores, or vacant 
spaces between its particles. 

iA, Gravity. — ^This property is universal, and signifies that 



What are aicmtf- "What science discusses the relations of atoms f De- 
fine force. Give examples of force. When is a force called impulsive f 
When aceeUraUvef Define moMf volume, dentity. What are the essential 
propcrtiod uf matter t Why so called t Define gravity. 



aENEBAL PBOPEBTEEIS OF HATTEB. 11 

tendency whicball matter has toward all other matter. In Me- 
chanics, it is usually limited to the tendency of all bodies toward 
the center of the earth ; for between the bodies themselves, this 
force is so slight, that it is diflficult to detect it. We observe 
this tendency in the motion of falling bodies, when they are not 
supported, and in the pressure or strain which they produce on 
that by which they are upheld^ The pressure thus exerted is* 
called the weight of the body. Since the earth is nearly spheri- 
^^ ^- ^ cal, bodies on different sides of it, in falling 

toward its center, move in all possible direc- 
ti( ns, as represented in Fig. 1. As all par- 
ticles alike have this tendency to the earth, 
therefore, the more matter, the more weight; 
that is, gravity^ or weighty varies as the quan- 
tity of matter, 

5. /wer/m.— This term denotes the tendency in matter to pre- 
serve its present condition of motion or rest. If a body is placed 
at rest, it never moves, till a force puts it in motion ; and it is 
equally true, that if a body is moving, it can never stop itself, or 
alter its motion in the slightest degree. Whenever a body loses 
any motion, or changes its direction, it is because some force 
acts upon it. Inertia, as well as gravity, varies as the quantity 
of matter. 

6. Other general properties, — In ajjiiition to the foregoing 
universal properties, which belong equally to all matter, there 
are many other general properties, some of which differ greatly 

in different substaixes ; such as cohesion, compressibility, and 

» 

elastieiiy, 

7. Cohesion is the force ^Yhich binds particles together to 




What is wei^Mf How does it vary ? State the meaniDg of mi«^. lUns^ 
trate inertia. Name properties of matter, not universal. What is cohenon f 
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form a body. It exists in various d^rees; it is feeble in a lamp 
of earth, strong in a hempea cord, and very itrong in an iron 
wire. The strength of cobeaion is mcasnred by observing the 
number of pounds which are required to pull asunder a rod of 
given size. For example, a bar of steel, one-t«nth of an inch 
square, is pulled apart by a weight of 1,600 lbs. ; a rod of lead, 
of the same size, by 9 Ibe. 

The great cohesion of iron is seen in anspensiou bridgea 



(Fig. 2), by which immense loads, in addition to the weight of 
the bridge itself, are supported by ropes made of iron wire. 

8. Comprambility is, in a greater or less degree, a property 
of all masses of matter. Air is very compressible, and may 
easily be reduced to one-half or one-fourth of its volume ; while 
vater is so slightly compressible, that for many years it was re- 
garded as absolutely incompressible. The fact that all hodiea 
are compressible, proves them to be porous, 

9, Mcutieitif is the power of a body to restore itself to its 
original form and size, after the compressing force is removed. 
Those bodies in which the restoring force ia equal to the com- 
pressing force, are cfUlad perfectly elastic. Air and all gases are 
of this class; water, glass, and tempered steel, though they yield 

la its strength the same in all bodies t lllnstrete. How is cohesion mess- 
ored? EisinpU of graat cohesion. Define amprmibilUy and dattieitg. 
Eiamples of ptrffiA eliiBtioitj. 
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but little to compressing forces, are almost perfectly elastic. On 
the other hand, lead, and soft clay, are examples of bodies nearly 
destitute of elasticity. Elasticity is called torsion^ when it tends 
\S> untwist a thread or wire which has been twisted. 

10, Divisibility, — Matter can be divided beyond any known 
limit. Many examples might be named, in which matter is di- 
vided into portions inconceivably small. In gold lace, the 
thread is covered with a film of gold so thin, that a foot of the 
thread contains only one-6,000th of a grain of gold. An inch, 
therefore, would contain but one-72, 000th of a grain ; and since 
the 600th of an inch can be seen by a microscope, so small a 
quantity of gold as one- 3 6,000,000th of a grain is distinctly visi- 
ble. Yet there is reason to think that the ultimate atoms of 
gold are vastly smaller still. 

A grain of musk is capable of filling a large room with its 
odoriferous particles for several years, without any sensible loss 
of weight. The thread by which a spider lets himself down, 
although nearly invisible on account of its fineness, is said by 
naturalists to consist of more than 6,000 single threads, each visi- 
ble through the microscope. Yet there doubtless is a limit to 
the divisibility of matter, though unknown to us ; for there is 
strong reason to believe that there are certain unalterable parts, 
called atoms, beyond which no power but that of the Creator 
can ever carry the division. 

1 1 , Indestructibility, — ^In all the changes which matter un- 
dergoes, there is not a particle lost or destroyed. When water 
is boiled away, it passes into the invisible form of vapor, which, 
on being cooled, returns again to the state of water, without the 
slightest loss. When wood is burned, it is not destroyed, but 



What is tor nan t . Is there a limit to dwUiHUty t Examples in gold lace^ 
odor of musk, spider's web. Is wat&r destroyed when boiled awaj? Wood, 
when it is burned ? 
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only changed into varioos other fomiB, called the prodttcta of 
eambustion; these are, ashes, watery vapor, and various kinds 
of gas. * If they are all carefully collected and weighed, their 
united weights equal the weight of wood^ before it was burned. 
These products of combustion, in the economy of nature, are 
employed in the construction of other bodies in the vegetable 
and animal world. Man has no more power to destroy a par- 
ticle of matter, than he has to create it. 

13, Natural Philosophy is usually divided into the following 
branches: Mechanics^ Hydrostatics^ Pneumatics, Acoustics^ 
Electricity, Magnetism, and Optics, 

The first three are to be r^arded as the subdivisions of a 
general branch, called Mechanics, Such a subdivision is re- 
quired, because there are three forms of matter, solidy liquid, and 
gaseous. Hence, the mechanics of solids is called Mechanics ; 
the mqchanics of liquids. Hydrostatics ; the mechanics of gases. 
Pneumatics. 



How is it shown that burning a substance does not destroy itf What are 
the lyranehes of natural philosophy f ,What is said of the first three! Why 
are there three branches of mechanics f 



rAKT L— MECHANICS, 



CHAPTER L 

MOTIOK AND FORCE. 

IS. Mechanics is that branch of Natural Philosophy, which 
treats of the equilibrium and motion of bodies. A body is said 
to be in eqnilibriam, when two or more forces act upon it in 
snch a way as to prevent its motion. 

141. Absolute and relative motion, — Motion is change of place, 
and is distinguished into absolute and relative. Absolute mo- 
tion is a change with respect to space itself. Relative motion 
is a change with respect to surrounding objects. When a per- 
son walks abroad, he is in motion relatively to the earth's sur- 
face, and the objects upon it ; and it is by these that he judges 
of his motion. If he is walking on the deck of a ship, he esti- 
mates his motion by the parts of the vessel ; this is one relative 
motioii ; but if he can look on shore, and notice objects there, 
he perceives that he has another motion in relation to them, 
K he observes the stars, he becomes aware of a third motion re- 
latively to those bodies, as he is carried eastward by the earth's 
rotation on its axis. Again, in studying astronomy, he learns 
that he has a different motion still in respect to the sun^ since he 
accompanies the earth around it every year. Moreover^ it is 

unquestionably true, that the whole solar system is moving, so 

' ■ ' ■ -^™^^— ~^— ■■— ^"^^ » 

Define meohanieB, What is motion t What is rtlaivot motion ? Illustrate 
bj walking on the earth, and on board of a ship. Motion in relation to the 
heavenly bodies. 
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that wo all have on that account a relative motion different from 
all the foregoing, tn respect to other systems of worlds. Though 
we conceive of Buch a thing as absolute motion, it is utterly im- 
possible for us to know what it is, because all space is alike to 
us, and we have no power of estimating motion except by ob- 
serving other bodies. Therefore, the words motion and rest^ 
have in natural philosophy, as they have in common life, only a 
relative, and not at all an absolute signification. 

18. Motions classified, — When a body moves over equal 
spaces in equal times, it is said to have a uniform motion. If 
the spaces become greater and greater each second, the motion 
is accelerated ; if less and less continually, it is retarded. And, 
if a body gains an equal amount of motion every second, it is 
uniformly accelerated; if it loses an equal amount every second, 
it is uniformly retarded. 

Velocity is the space passed over.in a second, and is usually 
expressed in feet 

1 B. Uniform motion, — Since a body, when moving uniform^ 
lyy passes over an equal space every second, the space described 
in one second, multiplied by the number of seconds, equals the 
whole space described. Hence, 

1. The space equals the velocity multiplied by the time; or, 
using the initials, s = tv. 

It follows from this, that t = — , and v = — ; or, 

V t 

2. The time equals the space divided by the velocity; 

3. The velocity equals the space divided by the time, 
17* Questions on uniform mx>tion : 

1. A body moves uniformly ^during 21 seconds, with a velo- 

« ■ ■ . 

Why can we not pereeire our dbsoluie motion f What is tm^form motion t 
AooeUraUdf Retarded f Dt^^ velocity. Bule for <;mim in uniform motion. 
Give the formula for space. For Umt, For veloeUy, 
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City of 815 feet per second ; what space did it describe f Ans. 
17,115 feet, or 3 miles, 1,275 feet. 

2. How long time will a ball occnpy in going 1,260 feet, with 
a Telocity of 18 feet per second? Ans, 1 min. 10 sec 

3. At what rate per second must a horse ran, to make a mile 
in. 2 min. 40 sec 9 Ans, 33 feet. 

4. How far will a bird fly in 24 honrs, at the rate of 15 feet 
per second ? Ans. 245^y miles. 

5. In what time could a man go round the earth (25,000 
miles), if ne averaged 40 miles per day I Ans. 1 y. 260 d. 

6. At what velocity per hour must the wind blow, to pass 
over 4,224 miles in 8 days ? Ans, 22 miles. 

18. Momentum, — The momentum of a body signifies its 
quantity of mx>tion^ and is reckoned according to the number of 
particles moving, and the velocity with which they move. Mo- 
mentum is, therefore, proportioned to the quantity multiplied by 
the velocity, and may be expressed by the equation, m = qv. 

Hence, q = — , v = — ; that is, 
V q 

1. The mi)mcntum equals the quantity of matter multiplied 
by the velocity, 

2. The quantity of matter equals the m.om.entum divided by 
the velocity, 

3. The velocity equals the mxymentum divided by the quantity 
of matter. 

19* A body at rest, however massive, has no momentum ; but 
let it move with very little velocity, and it may have a great 
momentum, because the quantity of matter is so great. Thus, 
the greatest ships are crushed like egg-shells between icebergs. 

Define momentwn. To what is it proportioned? Give the formula for 
momerUwn, also for quomtity and velooity. State the same in languag*. If a 
great mass of matter is at rest, has it anj momentum ? 
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A large cannoD-ball, when nearly spent, has been known to take 
off the leg of a soldier, who attempted to stop it. On the other 
hand, a small mass of matter may have great momentum, owing 
to its immense velocity. Hence the effectiveness of balls nsed 
in modem warfare, compared with the large timbers and stones 
thrown by the ancients ; for, by the use of ganpowder, we can 
impel bodies with f&x greater velocity than the ancient warriors 
could. 

Momentum cannot properly be expressed either in pounds, or 
in feet ; and, therefore, it is customary to use the word foot- 
pounds in measuring momentum. 

An impulsive force is measured by the momentum which it 
produces or destroys. Thus, a blow which gives a momentum 
of 100 foot-pounds, is five times as great as one which gives 
only 20 foot-pounds. 

30. Questions on momentum: 

1. How much does the momentum of 75 pounds, moving at 
the rate of 42 feet per second, exceed that of 93 lbs., at the rate 
of 28 feet per second? Arts. — 546 ft. lbs. 

2. Compare the momenta of two balls, whose weights are 12 
lbs. and 16 lbs., and their velocities respectively 45 ft. and 80 ft. 
per second. Ans, — 9 : 8. 

3. How swift must a 32 lb. ball move, in order to have 
a momentum equal to that of a battering-ram, whose weight 
is 10,000 lbs., and velocity 20 ft. per second ? -4/w.— 6,260 
feet. 

4. Suppose one grain of matter, having a velocity of 192,000 

miles per second, to stop by its momentum an iceberg moving 

• 

In what two ways maj the momentum of a bodj be very great ? Give 
illustrations. Why are the missiles used in modern warfare more effectiye 
than those of the ancients ? What word is used in measuring momentum } 
What is the measure of an impulsiye folrce ? 



^ V 
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(me foot per second ; what is the weight of the ice ? (7,00C 
grains = 1 lb. av.) Arts, — 144,822.857 lbs. 

SJl. The three laws of motion. — All the facts relating to mo- n 
tion are found to be in accordance with three first principles, ^ ^ 
which are to be regarded as the axioms of mechanical science. - k 

1. The law of inertia. A body at rest tends to remain at ^W^^ 
. rest ; and a body in motion tends to continue in motion uni- 

formly, and in a straight line. 

2. The law of coexistence of motions. If several motions arc 
given to a body, the final result is the same, whether they are 

* given at once, or successively. 

3. The law of action and reaction. To every action there is 
an equal and contrary reaction. 

The truth of these laws is learned not so much by direct ex- 
periment, as by a careful study of motion in general. All ex- 
periments must, in some degree, fail, because gravity, friction, 
and the resistance of the air, interfere with them. In propor- 
tion, however, as these obstructions are diminished, the more 
nearly do facts accord with the laws above stated, 

33, Firtst law. — One part of this law is, that if a body is at 
rest, it tends to remain at rest. Many familiar facts might be 
referred to^ in proof of this. If a horse suddenly starts forward, 
the rider is apparently thrown backward, though in truth he only 
tends to remain where he was before the horse started. So, if 
a man stands in a boat, a qtiick push of the boat causes him to 
stumble backward, that is, to remain in his former place. 

K one block lies at rest upon another, the lower one may be 
driven out from beneath, by a quick stroke, thus showing that 
the upper one inclines to remain at rest If, however, the lower 

State the Jlrst law of motion. The second. The ihird. How are these 
laws established ? Illustrate the tendency of a body to remain %t rest,— on 
a horse, — in a boat. Experiments with two blocks. 
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block is pnsbed along dowly, the friction between the two is a 
sufficient force to carry the npper one with it at that slow rate. 
*It is because the friction is too small a force to produce so great 
a momentum, that it gives way in the case of a quick stroke. 
In like manner, if a horse harnessed to a loaded wagon, makes 
a sudden spring, he breaks the harness, and leaves the wagon in 
its place. Here, the strength of the harness is not great enough 
to communicate to the load all the velocity of the horse, though, 
if he had drawn gently, the strength would have been sufficient 
to produce the less momentum. A stone thrown with a moder- 
ate velocity through a window, shatters a whole pane, while a 
bullet fired through it, makes a clean round aperture, without 
fracturing the rest of the glass. Here, it is the force of cohesion 
between the particles of glass, which is a sufficient force to carry 
along all parts of the pane with the small velocity of the stone, 
but fails to communicate the vastly swifter motion of the bullet. 
We thus learn how to apply force, in order to produce any de- 
sired effect. If a small thread were attached to a weight, and 
we wish to hr^ak the thread without disturbing the weight, a 
very sudden jerk upon the thread is likely to do it. But if we 
wish to give motion to the weighty without breaking the thread, 
we must draw very gently, and communicate velocity to the 
weight by small degrees. Quick, violent motions are likely in 
general to produce separation or fracture, especially where large 
masses are concerned ; while gentle motions will more probably 
communicate small velocities to the whole, without disturbing 
the parts. All such examples are illustrations of the principle, 
that momentum is the measure of force ; so that if a force is 
small, the momentum which it produces in a given time is small; 

Why does a sudden motion of the horse break the harness ? Experiment 
of the bullet How must force be applied to produce separation! 
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and the greater the mass to be moved, the less must be the ve- 
locity* communicated to it by the force. 

33« Another part of the first law is, that bodies in motion 
tend to contintie their motion at the same rate. When a horse 
suddenly halts, the rider is likely to be thrown over his head. 
If a boat is stopped by a collision, the passengers are pitched 
forward. In each case, the persons tend to continue in motion. 
That this motion tends not only to continue, but to be straight 
and uniform, is* seen, when a ball is rolled on smooth and level 
ice. Gravity exerts no direct influence to stop it ; and the fric- 
tion is small, so that the ball continues to move straight forward 
a great distance; yet there is some friction, and some resistance 
of the air, and these produce a gradual retardation, and at length 
cause it to stop. 

S4^, The most satisfactory proof, however, that bodies in mo- 
tion tend to continue in that state, is derived from our uncon- 
sciousness of our own motion along with the earth. Were there 
not a tendency in our bodies to continue on, as they are now 
moving with the earth, we should need to make constant exer- 
tion to keep up with it, or should at least feel which way we are 
going. But so far is this from being true, that many centuries 
passed away, before astronomers would accept the doctrine of 
the earth's motion ; and it was regarded as the only fixed and 
stationary body in the universe. 

3«l. As a matter of observed fact, bodies do not generally 
move in straight lines^ but in curves. A stone thrown by the 
hand, or a ball fired from a cannon, describes not a straight line, 

How in order to more a large mass together ? State the second part of 
the first law. Slnstrate by rider. Also, by passengers in a boat. Tendency 
of a ball when rolled. Are we conscious of our own motion with the earth ? 
What does this prove t Do bodies in fact generally move in straight lines? 
What is inferred? 
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but a pecaliar kind of carve. The earth, and all the planets, de- 
scribe carved orbita, nearly circalar, about the san. How then, 
it may be asked, doea it appear that bodies tend to move in 
Mtraight lines f 

The answer is this : wherever a carve is described, it is found 
that there is a forety operating to turn the body oat of the 
straight line in which it tends to move ; and when it is possible 
for us to remove this force, the body pursues that straight line. 
In the case of projected bodies, and the planets, the force, which 
turns them out of a straight line^ is gravity. When a body is 
left unsupported, gravity causes it to move toward the center of 
the earth ; if the same body is thrown horizontally, this force of 
gravity will bend its path from a horizontal straight line into a 
curve, which turns more and more towards the earth's center. 
So, gravity to the san turns every phmet and comet from a 
straight line into a curve, which bends toward the sun. 

SO. Let a wheel be revolved on an axis ; every particle of it 
is made to move in the circumference of a circle, because it is 
compelled by cohesion to keep at the same distance from the 
axis. If we can sufficiently weaken this cohesive force, the 
particles will show their tendency to move in straight lines, 
which are tangents to the circumference. Thus, let some water 
be applied to the rim of a wheel ; then when the velocity is suf- 
ficiently increased, the adhesion of the water te the wheel gives 
way, and the particles fly off in straight lines, drawn in the di- 
rections in which they were moving at the instant of their leav- 
ing. This shows the inertia of the water, that is, its tendency 
to continue moving in the direction of its present motion. So, 

What force nsuallj tuma bodies out of a straight lice ? What force turns 
the particles of a revolving wheel out of a straight line ? What is the effect 
of swift revolution, if water is placed on the circumference ? lUustrate in- 
ertia by the sling. 
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when A stone is whirled swiftly in a sling, and then released from 
the action which held it in, it flies off with great velocity in a 
tangent to the circle which it was describing. 

37. Prtjeetiltf centrifugal, and centripelal,/oreei. — When in 
ertia is thos muiifested in tending to prodoce motion in th<^ tan-- 
gent to the cmred path of a body, it is called ^a pr<gcetile force ; 
and this same tendency, so &i as it is directed exactly yram the 
attracting center, is called the centrifugal force. On the other 
hand, the force (whether it be gravity, cohesion, or any other 
force) which deflects the body from a straight Une, is called the 
centripetal force. Thus, when a ball is fired, the energy of the 
powderis theprojectileforce; and gravity, which tic.il 

bends the path of the ball toward the earth, is the 
centripetal force; while the centrifugal force is 
only BO mnch of the projectile, as exactly opposes 
the centripetal 

3S. The effects of centrifugal force are shown 
in many ways. When a horse goes swiftly round 
in a circle, this force renders it impossible to 
keep on Ihe path, nnless he leans inward, so that 
gravity may operate in part to coanteract the 
outward tendency. For the same reason, the 
outer tract of a railroad curve is placed higher 
than the inner one, in order that the cars may 
lean to the concave side of the curve. When a 
ball ia whirled abont a center by a thread, it is 
the centrifugal force which strains the thread; 

WlieD is ioertia CBlled % pi^tetiUforett Tbol part of the projectile forc«, 
which ig directed from the oeotre of rotstion.is called by what uameF What 
aeentripHalforetf Illustrate centrifagBl force. Horae in the circus. Bail* 
road track. When a weight ia whirled bf a thread, what force straim the 
thread! 
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and if the Telocity Lb so roach increased, that this force exceeds 
the Btrength of the thread (which is the centripetal force), the 
thread breaks, and the ball by its own inertii (the projectile 
force) flies off in the tangent in which it was moving at the 
instant the thread broke. Let a vessel containing a little water, 
be suspended by a cord, as in Fig. 3. After twisting np the 
cord, its force of torsion causes it to untwist ; and as the velo- 
cij^ increases, it will be perceived that the snr&ce of the water 
becomes hollow, the particles being carried out by the centrifu- 
gal force more and more to the circumference, and piled up 
* there, in spite of the force of gravity. 

39, The effects of centrifugal force are seen in the form which 
is given to the planets, by revolving on their axes. Instead of 
being spherei, which is the form that the force of gravity alone 
would give them, they are ohlaU^ or flattened spheroids^ the 
shortest diameter being that on which they revolve, called the 

axis. Thus, the earth's diameter 
through its poles, is 26 miles less 
than in the plane of its equator; 
and Jupiter and Saturn, which re- 
volve much swifter, are much more 
oblate than the earth. L^t A Q B 
(Fig. 4) represent the earth, A B 
its axis, Q a point on the equator, 
and F,F, different points between 
the pole and equator. As the earth revolves on A B, Q 
will describe a circumference whoso radius is Q G, while the 
radii of those described by F,F, are F 0, F O, being shorter, 
according as they are nearer the pole. The centrifugal force at 
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How does the weight move if the thread breaks f What is the form of 
the pUmets, and whj 1 Explain bj Fig. 4, how the earth becomes oblate. 
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each of these points tends to weaken the force of gravity, and 
thoB to-dimiDish weight, but not equally. At Q, gravity is di- 
tminished mo^ because the velocity ia greatest, and also because 
the centrifugal force directly opposes gravity. Bat at F, the 
particles move more slowly, and therefore have less centrifugal 
force ; moreover, as gravity acts toward C, while the centrifu- 
gal force acts away from 0, instead of C, they only partially op- 
pose each other. Sb &r as the centrifugal force does oppose 
gravity, it diminishes weight, but the other part of.its effect is, 
to cause the particles to slide towards Q, and thus to accnmu- 
late the matter about the equator. It is fbnnd by calculation, 
that the earth would need to revolve seventeen times more swiftly 
than at present, ia order to destroy the whole force of gravity 
at the equator, 

30. The effect of changing a spherical to a spheroidal form 
can be shown ciperimentdly, by revolving a body whose parts 
are movable among each other, Thna, ^b- 8. 

a ball of clay on a potter's wheel, will, 
on being whirled, become oblate. Fig. 
fi represents an instrument, consisting 
of two rings of elastic metal, placed 
upon an axis. While at rest, these . 
may represent the meridians of a 
gphere; but when made to rotate, they 
assume the elliptical form of the me- 
ridians of an oblate tpheroid, as shown by the dotted lines. 

31. Second law. — The law of co-existence, of motions is usu- 
ally called the law of composition. 0/ forces, and will form the 

HoiT iiriftlj must the earth revolte, that bodies on the equator majlosB 
their weight! What ia the effect of whirling claj on the potter's wheell 
Describe the inatrument for illiutnting oblateaesi. State nhat ia meant I7 
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•object of Chapter IL It is only necessaiy here to state what 
is meant by it, namely : that eyery motion which is given to a 
body exists independently of other motions; so' that we may- 
determine the final result of several motions given at once to a 
body, by supposing one motion to exist alone, then 
the second alone, and so on to the last. For ex- 
ample, in Fig. 6., suppose a ship at A should be 
carried north by a wind to 6, in one hour ; after 
reaching B, let a current move it in one hour south- 
east to D. Now, instead of these two successive 
motions, let the ship, when she starts from A, be 
under the influence of wind and current both at 
once ; then, in one hour, she will go direct from A to D. The 
two hours' work will have been done in the same hour. The 
current alone, if acting yErit/, would have carried the vessel to C ; 
but she is at D, an hour's motion north of C. If the wind had 
acted first, it would have carried her in an hour to B ; but she 
is at D, an hour's motion southeast of B: The fact that mo* 
tions thus exist together j and produce a result just the same as 
if they had occurred successively, is fully established by ob- 
servation. If, on the deck of a vessel at its highest speed, a ball 
is rolled to a mark, it hits it just as exactly as if the vessel were 
at rest ; but it would not do so, unless the ball had all the mo- 
tion of the sMp, and also the motion which the person gave it 
In like manner, when a man standing on the grpund fires a ball 
at a target, this motion of the ball exists entirely independent 
of the earth's motions. If the earth were at reaty then the mo- 
tion given to the ball by the rifle is its obBolute motion, since it 

Illustrate by a ship's motion, by wind and current. Wind first, then 
current. Current first, then wind. Both together. Illustrate hj ball rolled 
on deck. B7 the firing of a ball, while the earth moves. 
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has no other. But, as the earth is really moving, the motion 
from the rifle to the target is simply superadded to the other 
motions which it before had, both around the earth, and around 
the sun ; and it could not hit the mark, unless it retained those 
motions which it previously had, along with the earth. If a 
body is thrown perpendicularly upward, it comes back again 
into the hands, though, during its absence, both the ball, and the 
one who threw it, may have moved hundreds of feet eastward 
in the diurnal revolution. 

3ft, Third law. — The law of equal action and reaction may 
be stated thus: whenever one body acts on another, the second 
acts just as powerfully on the first, and in the opposite direction. 
If a ball in motion strikes against another at rest, it not only 
gives motion to it, but receives from it an impulse backward, 
which destroys a part of its own motion. A boatman pushes 
against the shore wit)i a -pole, and by the reaction his boat is 
pushed away from the shore. And, after leaving the land, he 
continues his motion by pressing the water backward with the 
blade of the oar, while he is carried forward by the reaction of 
the water. The swimmer, also, makes progress in a similar 
manner, by the reaction of the •water, against which he strikes. 
All the movements of fishes in water, and of birds in air, are 
made by the same means. Indeed, no animal can, by its own 
agency, move from one place to another, except by the reaction 
of that against which it acts. Walking and running are accom- 
plished by a succession of backward strokes with the feet against 
the earth. 

33. The injuries resulting from reaction are just as serious as 

Case of a. bod J thrown upward. State the third law. Blastrate hj balls. 
How does a boatman nvbve his boat? Swimming. Fishes and birds. In 
what way alone can a person move from his present place ? Which injures 
the most, action or reaction? 
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those from direct action. If a person, in mnning, strikes 
another who is standing slill, the injarj to himself is likely to 
be as great as to the other. If a train of cars, moving at 
40 miles an hoar, strikes an equal train at rest, it sustains the 
same damage as if it had been still, and the other had struck it 
with the same velocity, or, as if each had been moving at 20 
miles an hour. If a person is hurt by feilingf or runifing against 
an obstacle, the injury comes wholly from reaction. The blow 
of the pugilist harms the face of his opponent more than it does 
his own £8t, not because action is greater than reaction, but 
because the fist Lb better able to bear a given blow than the 
face is. 

34. The injury resulting either from action or reaction may 
be diminished to any degree by extending the time of its appli- 
cation. If a person jumps from a building upon a yielding 
substance, like a pile of loose shavings, the action, and therefore 
the reaction, is the same as when he jumps upon a rock ; yet, 
in the first case, he may sustain no harm ; in the last, he is in 
danger of being killed. The reason is, that when he jumps on 
a hard surface, the entire reaction occurs in an instant; but 
when he striken the soft substance, the reaction takes place by 
degrees ; he moves along with the substance after meeting it, 
and loses his motion by little and little. It is like dividing up a 
severe blow into a great number of successive small blows. There 
is a similar diminution of injury where a blow is distributed 
over a large surface. Thus, a blow spread over the whole hand 
produces less pain, than when concentrated upon a small por- 
tion of it. 



Illustrate by two trains of cars. Whj does the face suffer more tban the 
fist, when a blow is given ? What is the effect of extending the Hme of a 
blow ? Jumping on a rock, and on shavings. What does the latt resemble? 
Effect of spreading a blow over a large surface? 
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3ti. Action and reaction in the case of collision may be 
accurately measured, by using the instrument represented in Fig. 



Fig. T. 

Tcr 




7. The balls A and B 
are suspended by long 
threads, so as to swing by 
the side of the graduated 
arc X T. If one of them 
is raised to a certain point 
of the arc, and then let go, 
its velocity at the bottom, 
where it strikes the other 
ball, will be mefisured by 
the distance through which 
it has swung. Suppose the balls to have no elasticity, and first, 
let them be of equal weight. If A falls from the point 4, and 
B is at rest, they will go on together, to the point 2 ; that is, 
each ball will start from the lowest point with the velocity, 2. 
Thus B has received the motion 2, and A has lost the same ; the 
action and reaction are equal. If A strikes with the velocity 6, 
it will lose 3, and B will receive 3 ; and the result will be sim- 
ilar in case of any other velocity. Again, let A and B be 
unequal We must now measure the action and reaction by 
the momentum gained and lost. Suppose A= 2 and B = 1 . If A 
is dropped from the point 6, the balls will go to the point 4 on 
the opposite side. B thus receives the momentum 4x1, while 
A loses 2x2. Thus, whatever the various weights and veloci- 
ties may be, we shall find that the momentum gained by B is no 
more and no less than the momentum lost by A, And this is found 

^ ■ I ■ — ■ ■■ I ■ »■ I ■■■! H I ■! ■ I ■■■ ■ I ■■ ■ I 11 I ■ ^ 

Describe the instrument for collision. How is the velocity measured? 
Describe an experiment with equal balls, not elastic. Another. Unequal 
balls. How must the action and reaction be measured! How much doesB 
always gain ? 
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to be equally trae, when both bodies are maving, wbetber in 
the same or in opposite directions. 

36. If the balls are elcLsticj the results of collision are very 
different from the foregoing ; but still the action and reaction 
remain equal For B gains itncus as much as when it was 
inelastic, and A loses twice as much ; so that loss and gain are 
still equal. For example, if A=B, and falls from 4, then instead 
of both proceeding to the point 2, as before, B goes to 4, and 
A remains at rest ; thus B receives velocity 4 instead of 2, and 
A loses all its velocity 4, instead of losing only 2. As in this 
case, so in all cases of equal elastic bodies, each takes the former 
velocity of the other. This double loss and gij^n, in the case of 
elastic bodies, results from the rebound which occurs when the 
balls, after being compressed, restore themselves to their original 
form. 

37. Let a row of equal elastic balls (Fig. 8) be suspended in a 
straight line, touching each other, and let A swing against B, then 
only the last one, X, will move, and it will take the former velo- 
city of A. For if B were alone, and A should strike it, A would 
stop, and B would move as swift as A did before the stroke. 
But the velocity with which B tends to start is all communicated 

« « ^^A^ X, « ^ to C, and B then tends to 

A B D E F X ' 

Oy->y<''->y^ r^y-^ ^^->^ remain at rest ; so of C 
\J^<J^\^\^ W to D, and thus to the last 
one, X, which therefore moves on, as though A had impinged 
directly against it, while all the others remain at rest. 

38. In a great multitude of cases, the direct effect of action 
is wholly imperceptible, and only the reaction is observed. This 



Does the law hold good in case of elattic balls ? Show how. Why is the 
loss and gain doubled when the balls are elastic ? State and explain the 
experiment of a uriet of equal balls. When is the direct result of action 
impereepiUfle f 
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is because the mass of matter in the body acted upon is veiy 
great. Thus, a rope passes from the deck of a large ship to 
a small boat at a distance, and a sailor in the ship or boat (it 
is immaterial which) pulls upon the rope, and dhiws the boat 
towards the ship. The ship appears to remain at rest, merely 
because she is so massive that her velocity is too small to l>o 
noticed. If the weight of the ship is 100,000 times that of the 
boat, then her velocity is 100,000 times less ; so that h€r mo- 
tion is imperceptible, and yet the momentum of the one is 
equal to that of the other. Much more will the motion be im- 
perceptible, when action is applied to the earth. If a man 
springs up from the ground, his muscular exertion separatet the 
two bodies with equal momenta; the earth therefore really 
moves, but its velocity is as many times less than his own ve- 
locity, as its mass is greater than his. Of coarse, the earth's 
velocity cannot be perceived, though it can be expressed by 
figures. It is in this sense, and in this sense only, that the 
earth, the mountains, &c/, are trailed' immovable. 

39. It is to be observed, that the law applies to every species 
of action; such as collision, pressure, drawing by a rope or 
other means, attraction, repulsion, &c. Thus, the elasticity of 
gas generated by the burning of gunpowder drives the balls in 
one direction, and the gun with an equal momentum in the op- 
posite. If a magnet and a piece of iron, equal to each other, 
and mounted alike, are floating on water, they will move to- 
ward each other with equal velocities. And when a stone &l]s 
to the earth, the earth moves to meet the stone. 

Case of boat and heavy ship. How small is the ship^s velocity 9 Which 
has the greatest momentum ? What is the effect of action applied to the 
earth ? In what sense is the earth immovable ? To what hinds of action 
does the law apply ? Illustration of ball and camion. Magnet. Fall of a 
stone. 
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4#. All the uttons and conaeqncnt reactioiu which tak« 
nj_ iL pimce within a body or 8y»- 

tem of bodies, neceMnrilj 
neatralize each other, and 
^fe DO motion to the body 
or BfBtem as ■ whole. A 
child who Bteps into a bas- 
ket, aod tries to lift himself 
only labors in vain ; the ac- 
tion of the hands upward, 
and the reaction of the feet 
downward, are equal and opposite forces. Bo, the man in the 
boat (Fig. 9), who b endeavoring to sail by means of a wind 
from the bellows on board, can distend the sail, and produce 
pressure on the mast; bnt the boat will not advance, because 
the air driven from the bellows presses them backward as much 
as the sail forward. 



CHAPTER IL 

eouposrnoir aits kebolutioh or Monov. 

41. I' motion is prodnced by two or more impulses, acting 
in different directions, it is usually called compound motion; 
and yet it is alwajs trne, that a single impulse, if of the right 
magnitude, and in the proper direction, might have produced 
the same motion. 
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The separate impulses, which act on a body at once, are 
called components, and the motion which \& produced by their 
joint action is called the resultant. Sometimes the Word re' 
suitant is used to 'signify that impulse, which would have pro- 
duced the same effect as the components. When straight lines 
are used to represent forces, it is understood that they are in the 
direction of those forces, and have the same ratio as the forces. 

4J8. The parallelogram of forces, — This is the name which is 
given to the relation between two components and their re- 
sultant, and may be expressed in these words : 

If the two adjacent sides of a parallelogram represent the 

two forces which apt on a body, the diagonal between them 

Fig. 10. ^*^^ represent tlieir resultant. Thus 

f^ (Fig. 10), if A C and A B, the adja- 
cent sides of A C D B, represent two 
forces which act on a body at A, then 
A D, the diagonal between them, rep- 
resents their resultant. In other words, if a certain force would 
move a body over A in a given time, and another force would 
move it over A B in an equal time, then if both forces act at 
once, the body will move over A D in the same length of time. 
It has been noticed (Art. 31) that this is merely a co-existence 
of both the motions given to the body. By the force A B, it 
is making progress from • the side A C to the side B D, just as 
fiast as if no other force acted ; and by the force A C, it is 
making progress from A B to CD, just as fast as if that was 
the only force. Thus, by the joint action of both forces, it is 
in both the opposite sides, that is, at D, at the end of the 

Define componenity and resultant. In what respects do straight lines repre- 
sent forces ? Give the law for the resultant of two forces. Explain by Fig. 
10. Show that both motions coexist. 

2.* 
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given time ; and it must have moved straight and anifonnly 
from A to D, because no force acts after leaving A. 

4S« A triangle u$ed instead of a' parallelogram, — ^For pur- 
poses of calculation, it is more convenient to use one of the tri- 
angles, A C D, or A B D, rather than the parallelogram. For 
C D may be used to represent ^e same force as A B does, since 
it is equal to it, and in the same direction. Therefore, if A C 
and C D represent the components, the third side of the same 
triangle, A D, represent^ their resultant. Or, if A B and B D 
represent the components, A D represents their resultant. In 
constructing the triangle of forces, care must be taken that the 
supplement of the angle between the forces, and not the angle 
itself, should belong to the triangle. The angle between the 
forces is A B ; that angle, however, does not belong to either 
triangle, but its supplement, A C D, belongs to one, and A B D 
to the other. 

414. The greatest and least values of the resultant — ^It is obvi- 
ous, that if the angle C A B is made smaller, while the sides of the 
parallelogram remain of the same length, the diagonal becomes 
longer, and when the angle becomes 2«ro, the diagonal coincides 
with A B and B D, and equals their sum. On the contrary, as 
the angle enlarges, A D diminishes, until, when A B and A 
are in opposite directions, A D equals their difference. It fol- 
lows that the resultant of two forces is equal to their sum, when 
they act in the same direction, and to their dijference^ when in 
opposite directions ; and that it may have any value between 
these limits. 

Show how a triangle may be used to represent two components and their 
resultant. Does the angle between the forces belong to the triangle ? What 
angle does belong to it? How is the resultant changed, if the angle between 
the components is smaller? When is the resultant greatest, and how great? 
When is it least, and how small ? 
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4US. Experimental proofe. — ^It is not easy to illustrate acca- 
ratelj the composition of two forces by experiment ; bat there 
is no difficulty in showing that a body, when impelled in two 
directions, takes an iniertnediaie direction^ and goes faster as 
the directions are more nearly coincident. Let a ball lie on a 
level table, and snap it in two directions at once, and it will 
move in neither of them, but in a direction between the two, 
and nearest to that of the smartest blow ; and by varying the 
angle of the two. impulses, it will be seen to move faster as 
the angle is smaller, and slower as it is lai^er. The only com- 
plete and satisfactory proofs of the principle are to be sought 
in the various movements which may fall under our observa- 
tion. In a ship's cabin, two persons on opposite sides can toss 
and catch a ball with the same accuracy, when the ship is under 
full sail, as when at rest. But this could not be, if the ball did 
not describe the diagonal of a parallelogram, whose two sides 
are the motion of the ship, and the motion given by the hand, 
and in exactly the same time. Thus (Fig. 11), let A throw 
Fig. 11. the ball across the cabin to B\ but, 

in the mean time, let the cabin 
c and all its contents be carried 
along, with the ship's motion, a distance equal to A C or B D, 
so that when the ball is caught, A has moved to C, and B to 
D. The person, B, therefore, is at D, when he catches the 
ball ; and it must have travelled over the diagonal A D in the 
same time in which the hand would have sent it from A to B, 
or the ship have carried it from A to C. The two motions 
fully coexist in the motion of the ball. Again, when a ship is 




How will a ball move on a table if snapped in two directionf at once t What 
is the best proof of the parallelogram of forces ? Experiment in the cabin of 
a ship. 



\ 
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under sail, a stone dropped from the top of a mast is not left 
behind, but keeps by the side of the mast to the bottom ; it 
thus describes the diagonal of a parallelogram, one side of 
whieh represents, the motion given by gravity, the other the 
motion of the ship in the sam^ time. The diagonal in this 
case, however, is Acurve line, because the downward motion is 
not uniform, as will be explained in the next chapter. But the 
accuracy of the law we are consideriug will appear complete, 
when we come to compound the small motions which we give to 
bodies, with the great motion which they already have along 
with the earth. Suppose a stone is thrown at a marl^lOO feet 
distant, and hits it in one second. During that second the 
mark moves 19 miles in the path of the earth about the sun, 
and therefore the stone must have done exactly the same, or 
it could not have reached the mark. 

46. It is very common to 
produce motion by two oblique 
forces, instead of one direct 
force. The arrow (Fig. 12) 
is projected in the line G E 
by two forces of the string, 
one represented by G m, the 
other, equal to it, represented 
by G n ; their resultant is G E. 
The wings of a bird strike ob- 
liquely backward, and there- 
fore the reaction of the air up- 
on the wings is oblique. . In Fig. 13, let the reaction against 
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Of a stone falling from the top of a mast. Show bow the small motions 
which we produce are compounded with the motion of the earth. By how 
many forces is the arrow projected i Explain. Apply the same principle to 
the flying of a bird. 
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the wing A, b^ represented jig. is. 

by D E, and that against B,- 
by D F; their resultant is 
D G, which is therefore the 
direction in which the bird 
is impelled* In a similar 
manner, a boat is propelled 
by two simultaneous strokes 
of the oars, made in oblique 
directions. If one wing of 
the bird ceases to act, or one 
oar of the boatman, the mo- 
tion produced by the other 
is round and round, and not forward. 

47. The polygon of forces, — ^If more than two forces act at 
once on a body, the resultant is determined still by means of 
the parallelogram of forces. First, find the resultant of two 
forces, then the resultant of this resultant and the third force, 
and so on to the last. Let the body A (Fig. 14) be acted on by 
three forces, one of which, acting alone, 
would carry it over A B ; another, A F ; 
and the third, A G, in the same time ; it is 
desired to find what line the body will 
describe if they all act at once. Construct- 
ing the parallelogram A B C F, we find the 
resultant of A B, A F, to be A C. Now, ® 
supposing A to represent a single force, compound it with 
A G, by completing the parallelogram A C D G ; the diagonal 



Fig. 14 




Also to the rowing of a boat. When more than two forces act at once on 
a body, show how the parallelogram of forces is employed. Giye the rale 
for the resultant of several forces. 
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A D is their resultant. Therefore, A D is the resaltant of the 
three forces. Since B C is eqoal and parallel to A F, and C D 
to A G, the three forces may be represented by A B, B C, and 
C D, while their resultant is represented by the fourth side of 
the same polygon, A B C D. Hence, the severed forces which 
act together an a body may l/e represented by all the sides but 
OM of a 'polyyon, and (heir resultant by the remaining one. In 

Fig. 15, if A fe, B C, C D, DE, represent 
forces acting at once on a body at A, the 
body will describe A £, in the same time 
in which it would have described either of 
the other sides by the corresponding force, 
acting alone. 

48, Parallel forces. — ^If two forces act 
together in the same line, we have seen (Art 44) that their 
resultant equals their sum. The same is true, when they act 
parallel to each other upon different parts of a body. And, as 
in oblique forces the resultant makes the leas^t angle with the 
greatest force, so, when two forces are parallel, their resultant 
is nearer the greater force. The law of parallel forces, stated 
fully, is as follows : when two farces are parallel, their resultant 
is also parallel to them, and equal to their sum ; and its dis- 
tances from them are inversely as the forces themselves. Thus 
Fig. 11 (Fig. 16 )^ if A B and C D act in parallel direc- 

tions on the same body, their effect is equal to 
that of one force £ F, parallel and equal to 
f them, and applied at £, so that £ A : £ C : : 
C D : A B. If the parallel forces act in oppo- 




When two forces act in parallel lines, what is their resultant f Nearest to 
which force ? If thej are parallel, but in opposite directions, what is the re« 
sultant, and where applied ? 



COMPOSITION AND KESOLUnON OF MOTION. 39 

site directions, then their resultant equals their difference, instead 
of their sum, and is applied outside of the greater force. 

4L9, Equilibrium of farces, — ^When any forces, by their united 
action, hold any body at rest, they are said to be in a state of 
equilihri/um. The most obvious case is that of two forces. 
2^wo forces are in equilibrium when they are equal, and act 
in opposite directions. Thus, when two men of equal strength 
pull against each other at the ends of a rope, the forces are bal< 
anced. A weight suspended by a cord is acted upon equally, 
by gravity downward, and the strength of the support upward, 
and is at rest. Three forces are. in equilibrium when they can 
be represented by the sides of a triangle, taken continuously. 
This follows from Art. 42 ; for, in order that a force may bal- 
ance two other forces, it must be equal and opposite to their re- 
sultant. Hence, as the third side, A D (Fig. 10), represents 
the resultant of A C, C D, so, if taken in the' opposite direction, 
D A, it must represent the force which is in equilibrium with 
them. Then the three forces which balance each other are A C, 
CD, DA; that is, the three sides of the triangle, taken contin- 
uously. The same reasoning extends to any number of forces ; 
hence, all the forces, acting on a body, are in equilibrium, 
when they may be represented by all the sides of a polygon, in 
continuous order. Thus (Fig. 16), A B, B C, C D, D E, and 
£ A, will keep A at rest, because A £ is the resultant of the 
other four ; and E A, being equal and opposite to A E, will bal- 
ance it, and, therefore, balance the other four. 

«SO, Hiree parallel forces are in equilibrium, when the middle 

When are forces said to be in equilibrium ? When will two forces be in 
equilibrium ? Illustrate by two men pulling ; by a weight suspended. When 
^ree forces are in equilibrium, how may they be represented? How, when 
any number of forces balance each other? When are three parallel forces in 
equilibrium ? 
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one is in a direction cpposiie to the other two, equal to their 
sum, and at distances from them inversely proportional to the 
forces themselves. For, according to Art 48, it would then 
balance the resultant of the other two forces. This case is illus- 
trated, when two persons support a weight on a pole between 
them. The weight is a downward force, which balances the 
strength of the two men exerted upward; and it must be placed as 
much nearer one than the other, as he is stronger than the other. 
ffl. BesoluHon of forces, — This is the reverse of the com- 
position of forces. A certain force being given, the resolution 
of it consists in finding what two or mor^ forces would produce 
the same effect To resolve a force into two forces, we have 
only to construct a triangle on the lino representing the force; 
i^ IT.. ^ ifcg sides will then represent the two 

components. And, since an infinite 
number of triangles may be con- 
structed on a given base, a force may, 
therefore, be resolved into any one of 
an infinite number of pairs. In Fig. 
17, A D, D B, are components of A 
B; so, also, A C, C B, or the sides of 
any other triangle which can be made on A B. 

tS3. To resolve a force into more than two forces, we have 
only to proceed to resolve, as before, one of the two components. 
Thus, if any triangle be made on A D, whose sides we will call 
A H, H D, then A H, H D, D B, will be three components, 
whose resultant is A B. This process may be continued to any 
extent 



Illustrate by two men and weight. What is meant hj the resolution of a 
force I How is a force resolved into two forces ? Into how manj pairs maj- 
it be resolved ? How shall we proceed to resolve a force into three or any 
number of forces t '^ 
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S3. To find the efficient part qf a force, — ^The resolu- 
tion of a force is often very important, in order to find how much 
of it is effective in a certain direction, and how much is with- 
out effect. In Fig. 18, the weight W rests on a horizontal plane, 
and a force G A is applied obliquely upward. The weight cannot 
move in the direction C A, because gravity rig. la ^ 

confines it upon the plane ; and the inquiry 
is, how much of the force is efficient to 
move it on the plane. Resolve C A into o" 

C B and B A (the latter perpendicular to the plane) ; then the 
whole force expended is to the component, which acts along the 
plane, as C A to B. The other component, B A, has no other 
effect than to diminish the pressure on the plane. If A= 9, and 
C B= 7, then seven-ninths of the force are useful ; and, of course, 
two-ninths are wasted. The two-ninths lost, however, are not 
represented by B A, but by C A — C B. It is just the same, if 
the force is directed from A to 0, to push the weight along the 
plane. The components are A B, B C ; and the last alone is of 
use ; the effect of the first is to produce pressure on the plane. 
In order, therefore, to prevent waste of power, it should be 
exerted as nearly as possible in the. direction in which . the 
motion is to take place. 

•S4. Sometimes it is necessary to resolve the force, and then 
again to resolve one component of it, before the effective force 
is obtained. A good illustration of this occurs in the motion 
of a sail-vessel. Suppose the wind to blow from the east, while 
the ship is to go south. Then the sail D C is set as represented 
in Fig. 19, left hand ; while the wind blows in the line H D. 

Show how to find the efficient part of a force, when it does not act in the 
line of motion. What difference of effect in pulling and pushing ? How 
must a force be applied, in order to be as effective as possible t Apply the 
principle of the resolution of force to the sailing of a ship. 
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^^^ Take E D for the force 

of thewind, and resolve 
it into £ F, perpendica- 
lar to the «ul, and F D, 
parallel to it. Now, a 
force, parallel to a aor- 
£fioe, cannot press any 
against it ; hence £ F 
is the only force against 
the sail ^ But the ship 
is not to go in that di- 
rection, hat in the line 

A B : therefore resolve 

» 

£ F into £ G, perpendicnlar to A B, and G F, parallel to A B. 
The last component, G F, is the only one which acts in the right 
direction. The component E G tends to pnsh the ship side- 
ways, but is nearly prevented from doing so by the form of the 
keeL While one ship sails wuth^ another can sail north by 
the same wind, if her sail is set as in the right-hand figare. .The 
process of resolving is similar to that in the former case. If it 
were desired to sail toward the east while the wind blows 
from the east, then the ship must be steered alternately north- 
east and southeast. This is called tacking, 

SS. The manner in which a kite is held at rest in the air by 
the wind, the string, and its own weight, is best explained by 
resolving the forces into corresponding components. In Fig. 
20, let the force of the wind be represented by D F ; the kite 
assumes the oblique position A F, in consequence of the manner 

How can the same wind carry two ships in opposite directions ? What is 
tacking, and when employed? What forces hold a kite in the air? Apply 
the resolution of forces to this case. 
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of attachiog ^e string. The force D F is resolved into D C, 
perpendicokr, and C F, parallel to the kite ; the latter has no 
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effect. The former is again resolved into D E, horizontal, and 
E C, upward. Next, resolve the oblique force of the string into 
horizontal and downward ; then the kite will rest, when the hori- 
zontal component of the string balances D E, and its downward 
component, together with the weight of the kite, balances E C. 
It is often necessary to resolve one or more forces, in order 
to find the relation of power and weight in a machine. 



CHAPTER m. 



AGCELERATSD MOTION. — ^FALLING BODIES. 

S9m It has been noticed, in consideriug the subject of inertia, 
that if al)ody is put in motion, and left to itself, its motion is 
uniform. Whenever, therefore, we perceive a body having 
either an accelerated or a retarded motion, we infer that it is 
constantly acted on by some force, which hastens or hinders it. 

The action of gravity furnishes the most familiar examples of 

> ■ ■ . . I. 

If a bodj has an accelerated or a retarded motion, what is inferred ? What 
force furnishes familiar examples I 
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these Tariable motions. When a bodj is lefl^hnsnppoiied, 
gravity in the first instant aiges it toward the center of the 
earth ; it therefore begins to move in that direction, and if the 
force should immediately cease, the body wouTd proceed at a 
slow and uniform rate. Bnt, in the next instant, gravity acts a 
second time, and the body proceeds with a doable velocity, and 
would continue with this velocity, if gravity should cease at that 
point But a third impulse triples the velocity, and so on con- 
tinually. It should be observed, that on account of inertia, the 
body retains all the motion previously given, and constantly re- 
ceives new accessions. And, as these impulses are all equal, the 
motion is uniformly accelerated. 

S7« As all parts of the earth attract the body, the reason is 

easily seen, why its motion is directed 
toward the center. For (Fig. 21), the 
earth being a sphere, while some part, as 
a, attracts the body A in an oblique di- 
rection, there is a corresponding part, 5, 
which attracts it equally on the other 
side ; and the resultant of these two for- 
ces would be directed mid-way between 
them, that is, toward the center. This 
reasoning applies to all the corresponding 
parts of the whole earth. A body,, there 
fore, moves toward the earth^s center, not because the attraction 
is all toward the center, but because the resultant of all the at- 
tractions lies in that direction. 

SSm Laws of falling bodies, — ^From the nature of the force 




State how gravity produces acceleration. How would a body move if 
gravity should cease, while it was falling ? Why does a falling body move 
toward the earth's center I 
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of gravity, it is proved, that if bodies should foil unobstructed ^>i^ 
by the atmosphere, they would conform to the following laws: ^ c^ 

1. All bodies fall with the same velocity, — ^This is because "^-^ \ t 
gravity is proportioned to the quantity of matter in bodies. ^ .^^ ^* 
(Art 4.) K one body consists of ten times as much matter as ' "' - 
another, it needs ten times the force exerted upon it, to give it ^ • "^"^ 
the same velocity ; and the earth does exert ten times as much cf ->^ 
force upon it; hence, both bodies fall with equal speed. This vl. '^ 
would be the case in a vacuum ; but in the air, all bodies are ^ "^v^ 
obstructed in their fall, and those are most obstructed, which v ^ 
present most surface in comparison with their quantity of mat- \ ^^ 
ter. Therefore, an open sheet of paper falls more slowly than ^ ^ ^ 
when crushed into a ball; a sphere of cork, more slowly than one - ^^"^ 
of lead of the same size, because it contains less matter within ^ ^ ^ 

an equal surface ; and, of two balls of the same material, the ^ 

smallest falls slowest, since the surface is not so much less, as f O 

V 

the quantity of matter is. "^^ si :^ 

2. The velocity acquired is proportional to the time spent .. 

in acquiring it — ^This is because gravity adds an equal amount, ^ ^^ 
of velocity every second, while the body retains that which way - ^* - . . 
previously given. It is found that in one second^ a falling body - ^ . . 
acquires a velocity of 32| feet per second; and if gravity should 
not act any longer, the body would proceed at that rate uni* 
formly ; but as gravity operates during the next second also, 
another velocity of 32 j- feet is added', so that, after the lapse 
of two seconds, the body has a velocity of 2 x 32j-=64^ feet. 
So, after three seconds, the velocity is 3 x 32^=96^ feet; and 
after one minute^ it is 60 x 32^=1930 feet. 

What is the first law of falling bodies? Why is this trae? Is it true in 
air I Why not ? State the second law. Why ? What is the velocity ao- 
quiredin onesecondl Vatwot Three? Tent In one- minute I 



46* HEOHANIOB. 

3. 7^ tpaee deterihtd by a falling body is proportional to 
the square of the time, — It is proved by mathematical reasoning, 
that this law is a consequence of uniform acceleration, whether 
produced by gravity or by any other means. 

In one second, a body is observed to fall Id^ feet ; therefore, 
in two seconds, it falls 2' x 16^^=64^ ft.; in three seconds, 
8* X 16t^= 144} ft. ; in /our seconds, 4* x 161^^=257* ft., Ac. 

Since time and velocity are proportional (2d law), the space 
varies also as the square of the acquired velocity. 

4. With the acquired velocity continue uniformly^ a body 
moves twice as far^ in the same time, as it falls to cu^quire that 
velocity, — ^This also results from the nature of uniform accelera- 
tion. It is illustrated in the case already stated, that a body 
falls 16r'j ft. in one second, and that it acquires a velocity of 
32|=2xl6i^ ft. in one second; for the velocity acquired is 
the distance which a body would describe in a second with a 
uniform motion, 

89m ^ body prof ected downward.^-Smce motions given to a 
body always co-exist (Art. 31), therefore, when a body is pro- 
jected downward, it has all the motion which projection alone 
would have given it, together with that which gravity would 
cause in the same time. Thus, if a body is thrown down at the 
rate of 20 ft. per second, it will in 5 seconds pass over 5 X 20 ft. 
+ 6' X 16^=602 Jy ft. 

60. Uniformly retarded motion, — As gravity adds equal 
quantities every second to the velocity of a fallinyhodj, so it 
takes away equal quantities from that of an ascending body. 
Hence, the motion of a body projected upward is uniformly 

State the third law. Illustrate it by examples. What is the space in one 
second? How many times that in j^ve seconds? In ftine seconds f How 
does space varj compared with acquired velocitj ? What is the fourth law i 
What motion has a body when projected downward? 
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retarded, until it stops, and begins to falL It would there- '^ 

fore require the same time for a body to ascend till it stops, "^ c^ -> 

as to descend from rest through the same distance ; and the ^ ' .^'^ 

velocity first given to an ascending body must be equal to that ^i ^f^- 

acquired by a descending body, when the whole distance is '^ v _ iy> *^ 
the same. Thus, all the circumstances of the motion are ^v^ %'i 
reversed. * .- -:r 

Ol, Rules for calculating, — ^From the laws of Ming bodies f f .^ 

now stated, are readily derived the following rules for making '^ 'Z^^\ 

numerical calculations on this subject : 

1. If the time of descent (or ascent) is given, multiply the 
number of seconds by 32|, to find the acquired (or first) velocity 
in feet ; and multiply the square of the number of seconds by 
16^, to find the cf»5tonc£ in feet. "^ ~i" 

2. If the velocity is given, divide by 324 to find the time in ' 
seconds ; and divide the square of the velocity by 64s~, to find . ^ « « ^ . • 
the distance in feet. ' v ?^ 

3. If the distance is given, divide the number of feet by . ^ ' *- -^ 
16 1^2, and extract the square root of the' quotient, to find the 
tim£ in seconds, and multiply the distance (in feet) by 64|., _ '' -^ 
ftnd extract the square root of the product^ to find the ve^ 
locity, 

63* Questions on falling bodies, 

1. If rain-drops are 12 seconds in falling, how high is the 
cloud? ^n«. 2,316 feet 

2. If a body falls to the ground in half a minute, with what 
velocity does it strike? Ans. 965 feet. 

When a body is projected upward, what Mnd of motion has it ? Why ? 
What is its first velocity equal to ? If iims of fall is given, how are the space 
and the acquired velocity calculated ? State how to obtain the space and the 
time of fall, when the acquired wlociiy is given. When dUtanoe is giveiif 
how are time and velocity calculated t * 
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8. The space described by a falling body is proportional to 
the square of the time. — It is proved by mathematical reasoning, 
that this law is a consequence of uniform acceleration, whether 
produced by gravity or by any other means. 

In one second, a body is observed to fall 16 1^ feet ; therefore, 
in two seconds, it falls 2'-x 16i>^=64|- ft.; in three seconds, 
3* X 16^^= 144} ft. ; mfour seconds, 4* x 16TXj=267i ft., &c. 

Since time and velocity are proportional (2d law), the spctee 
varies also as the square of the acquired velocity, 

4. With the acquired velocity continued uniformly^ a body 

« 

moves twice as far, in the same timCj as it falls to acquire that 
velocity, — ^This also results from the nature of uniform accelera- 
tion. It is illustrated in the case already stated, that a body 
falls IQjj ft. in one second, and that it acquires a velocity of 
32|=2xl6-|^ ft. in one second; for the velocity acquired is 
the distance which a body would describe in a second with a 
uniform motion. 

S0» A body projected dowmoard.-^-^mcQ motions given to a 
body always co-exist (Art. 31), therefore, when a body is pro- 
jected downward, it has all the motion which projection alone 
would have given it, together with that which gravity would 
cause in the same time. Thus, if a body is thrown down at the 
rate of 20 ft. per second, it will in 6 seconds pass over 6 X 20 ft. 
+ 5* X 16^2 =502^^6. 

OO, Uniformly retarded motion, — As gravity adds equal 
quantities every second tD the velocity of a falling body, so it 
takes away equal quantities from that of an ascending body. 
Hence, the motion of a body projected upward Lb uniformly 

State the third law. Illustrate it by examples. What is the space in one 
second ? liow many times that in Jive seconds f In nine seconds ? Uow 
does space yary compared with acquired velocity ? What is the fourth law 9 
What motion has a body when projected downward? 
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retarded, until it stops, and begins to faSL It would there- ^ 

fore require the same time for a body to ascend till it stops, ~" c^ -* 

as to descend from rest through the same distance ; and the ^^ -^^ 

velocity first given to an ascending body niust be equal to that <% ^ >«/- 

acquired by a descending body, when the whole distance is ^ ^ 



the same. Thus, all the circumstances of the motion are r^^-Ir'/ 
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reversed. 

61 • Jiules for calculating, — ^From the laws of falling bodies ff /J 

now stated, are readily derived the following rules for making ^t .C^^^x 

numerical calculations on this subject : ^j v, P^ 

1. If the time of descent (or ascent) is given, multiply the ' . ^-^ 
number of seconds by 32^, to find the acquired (or first) velocity '^ \ - 
in feet; and multiply the square of the number of seconds by ^ ^ >_> 
16^, to find the rfwtoncc in feet. " ^\- 

2. If the velocity is given, divide by 32 i to find the time in 
seconds ; and divide the square of the velocity by 64i-, to find 
the distance in feet. ' v. ^ 

3. If the distance is given, divide the number of feet by 
16 1^2, and extract the square root of the' quotient, to find the 
time in seconds, and multiply the distance (in feet) by 64 j-, 
ftnd extract the square root of the product^ to find the ve- 
locity, 

03. Questions on falling bodies, 

1. If rain-drops are 12 seconds in falling, how high is the 
cloud? ^ns. 2,316 feet. 

2. If a body falls to the ground in half a minute, with what 
velocity does it strike? Ans. 965 feet. 

When a body is projected upward, what kind of motion has it ? Why ? 
What is its first velocitj equal to ? If time of fall is given, how are the space 
and the acquired velocity calculated ? State how to obtain the space and the 
time of fall, when the acquired vdocUy is given. When distance is given* 
how are time and vel(»city calculated! 
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tion^y the olMtraction of the air is diminished in a much 
greater ratio than the velocity ; eo that the motion \b of the 
iame nature as if the bodj were (ailing freely in avacanm, 
(that is, it is uniformly accelerated)^ since the force which 
causes it acts all the time with tke same eneigy, and withoat 
ohstraction. When the instrument is constructed with care, 
the laws of fiedl, and the law of inertia also, are well illustrated 
by it 

69, The path of a projectile, — ^When a body is projected in 
any other than a vertical direction, it describes a curve line of 
a particular kind called a parabola. It is evident that it must 
be a curve of some kind, because, whatever direction the body 
takes at first, gravity immediately deflects it from that line into 
rig. ML a new one, again from that to an- 

other, and so on, continually bend- 
ing the line towards the earth. In 
Fig. 23, let the impulse given to the 
body carry it to M, while gravity 
woQfld carry it to L ; then, by the ac- 
tion of both, it will be at ; in like 
manner it will reach Q, while the 
impulse would carry it to N, and 
gravity to Y. But the line P M 
N is described uniformly^ and P L 
y, with a ur^iformly accelerated mo- 
tion ; so that, if P M : P N were as 2 : 3, then P L : P V 
would be as the squares 4 : 9. And It is this relation which 
proves the curve {o be a parabola^ one of those curves called 




How much is the resistance of the air reduced I What path does a pro- 
jected body describe ? What two forces act on it I Why must it be a «irw/ 
Illustrate by figure. 
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ccmc sections. The form of the cnrve is best seen in a jet 
of water, when thrown obliquely, with a moderate velocity. 
If the velocity is very great, the resistance of the air causes 
it to deviate sensibly from the symmetrical form of the pa- 
rabola. 

0G, The science of prtyectiles, — ^In order that a cannon-ball 
may strike an object at a given distance, it is necessary to know 
at what angle of elevation, and with what velocity, it must be 
discharged. And if the projectile were a shell, it would also be 
necessary to determine the time of flight, so that the expfosion 
might occur as soon as it should strike. If it were not for the 
obstruction of the air, all these particulars could be determined 
by exact calculation from the properties of the parabola. But, 
in such swift motions, it is found that the resistance of the 
air is immense, and the results of theory alone are of little or no 
value. 

67, If the track of the ball were a perfect parabola, the ascent 
and descent would be made in equal times ; the highest point 
would be over the middle between the ends of the curve ; and 
the ascending and descending branches would be precisely alike. 
In practice, however, the time of ascent is sometimes greater, 
sometimes less, than that of descent, according to the elevation ; 
and the descending branch is more nearly perpendicular to tho 
horizon than the ascending one ; so that the highest point is 
beyond the middle of the whole curve. Again, according to 
calculation, the greatest horizontal range occurs when the can- 
non is elevated 45° ; and, at equal angles above and below 45°, 
the range is equal, as represented in Fig. 24. But in practice 

How may the path be well seen? That a cannon-ball may strike a certain 
object, what must be known? If it is &8heUf what more must be known, 
and why ? Why do no calculations agree with facts ? Where is the highest 
point of the path ? Are the times of ascent and descent equal ? 
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the greatest range ia 
always found at an 
angle below 45**, and 
the more below it, as 
the velocity is great- 
er ; the elevation be- 
ing, for the greatest 
velocities employed, 
aa Email as 30". 
On account of these effects of the air, it becomes necessary 
to determine by experiment what modifications must be made 
in the raathematical theory, before it can be succesafully 
employed in the practice of gunnery. 



CHAPTER IV. 



OKNTIB OF DRATITY. FEin]III.inf. 

08. There is in every mass of matter a certain point, aboat 
which, if supported, all parts of the mass, when acted on only 
by gravity, will balance themselves. This point is called the 
center of gravity. 

Since gravity acts on all the particles of a body in parallel 
lines, the laws of parallel forces are employed for determin- 
ing the place of the center of gravity ; for the resultant of all 
these forces passes through that center. The whole body, there- 
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fore, maybe considered as collected at the center of gravity, and 
all the forces exerted by the earth on the several particles, may 
be compoanded into one force acting on that point. 

OO. The center of gravity of two equal particlet or bodies is 
at a point midway between them. For (Art. 48), since the two 
forces are equal, the resultant is half way from one to the other. 
From this it follows, that, the center of a series of particles^ 
arranged uniformly in a straight line, is in the middle of the 
line. 

70, The center of gravity of two unequal particles or bodies 
is as much nearer the greater than the less, as the one is heavier 
than the other. jSere the parallel forces are unequal, and the 
resultant (Art. 48) is so situated, that its distances from the 
lines of the forces are inversely as the forces. 

yi. In a lamina of matter of regular form, the center of 

gravity is in the center of its figure ; as in 
the circle, the ellipse, and the regular poly- 
gon. For exaiiiple, in the regular hexa- 
gon (Fig. 25), the center of gravity is at G, 
the intersection of the two bisecting lines, 
A B, C D. The same is true of solids, hav- 
ing sufficient regularity of form/ as the 
sphere, the spheroid, the cylinder, &c. But 
in the cone or pyramid, the center of gravity is a little higher 
fc than the center of magnitude. 

It is supposed in the foregoing cases that the density iruni- 
form. If the density is not uniform, the center of gravity is 
removed toward the denser part. 




Where is the center of gravity between two eqtuil bodies ? Why ? What 
inference as to a line of particles ? State the place of the center between two 
vneqttal bodies. When is the center of gravity in the center of figure! 
Give examples. What is supposed as to density ? 
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79. Efual momenta. — Suppose A and B (FSg. 26) to be 

connected by a rod with- 
out weighty and let G be 
/^ their center of gravitv; 
vL/ then A: B::BG: AG. 
Changing this into an 
equation, we have A x A G=B x B G. And since A and B 
balance about G, thej have equal tendencies to descend. There- 
fore A X A G and B x B G, may be used to express these ten- 
dencies. The word moment is used to express the tendency 
of a force to produce motion about a center ; hence the state- 
ment, that two bodies have equal moments toith respect to their 
center of gravity. 

73, If more than two bodies are connected by a straight 

ng. «T. _ D 

^ B 



rod without weight (Fig. 27), then their center of gravity, G, 
will be so situated, that the sum of the moments on one side 
equals the sum of the m^oments on the other / or, Ax AG+B 
xBG=CxCG + DxDG. For it is obvious that these mo- 
m^nts (or tendencies to move about G) must be equal, in order 
that the bodies may balance about that point. 

74:. Line of direction and base of support. — The line of di- 
rection in any body is the line passing through its center of 
gravity toward the center of the earth; it is therefore the line 
in which the center would move by the force of gravity, if the 
body were unsupported. Hence it is clear, that the line of di- 

Define the word moment. What product expresses the moment t Give 
the law of moments. Give the equation of moments, when sereral bodies 
are on one straight line. Define the Une of direotian. 
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rection must always pass through the ba§e of support^ whether 
that base be an area, a line, or a point ; else the body will M. 

In Pig. 28, the body 

Fig. 28L o ^ 

A will not fall, be- 
cause the line of di- 
rection comes within 
the base. If a force 
were applied to push 
it over, the center 
must rise in the arc 
G D. But in the body B, the line of direction falls without the 
base, and one component of the force of gravity will cause the cen- 
ter to descend in the arc whose radius is G 0, so that the body 
must fall. 

When a person carries a heavy weight, it is necessary (un- 
less it rests on his head) to lean, sufficiently to bring the center 
of gravity of his body and the weight over his feet; as, for 
e^ ample, if the load is in his hafid, he leans to the other side; 
if it is on his back, he leans forward. 

7tS. Stable, unstable, and neutral equilibria 
um, — If the base is reduced to a line or a 
point, still there is support, when the line of 
direction passes through the line or point ; but 
there is no firmness of support ; the least force 
will move the body. For example, let the body 
• (Fig. 29) be suspended by the pivot A ; then A 
may be called the base of support ; and if the cen- 
ter of gravity is either directly above or directly 

When is a body supported by its basef When not? Explain. Which 
way needs a person to lean, when carrying a load, and why! Whei has a 
body no Jirmneii of support I 



Fig. 89. 
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below A« the line of directioii passes throiigh the base, and 
the body is supported. Tet*, in either case, the body will be 
moved from its place of rest by the slightest force. The two 
positions of the center, above and below the pivot A, are, 
however, very different in one respect. I^ in Fig. 29, the 
center of gravity is below A, at the point O, and is swung 
aside to G, it tends to return again. For, let G R repre- 
sent the force of gravity, and resolve it into G N, in a line 
through A, and N R, perpendicular to G N. Then G N cannot 
move the body, because A prevents ; but N R urges it toward 
A F. After swinging back to O, its momentum carries it to 
the other side of A F, when there is again the same reason for 
returning. Thus, it oscillates from side to side. This is called 
the stable equilibriumy because the body, when disturbed from 
its place of support, always returns to it. Again (Fig. 30), let 

the center of gravity be at P, above the pivot 
A; it is as truly supported there as at O (Fig. 
29), because the line of direction passes 
through the base A; but if it is disturbed in 
the slightest degree, it cannot return. For, 
suppose it moved to G, and that G R repre- 
sents gravity. Resolve it into G N and N R, 
perpendicular and parallel to G A ; then N R 
is balanced by the strength of A, and GR 
moves the body atoay from P, and not towards it It cannot, 
therefore, return to its place of support. This is called unstd- 
bte equilibrium. If the center of gravity is so situated that it 
neither rises nor faUs when disturbed, the body has a neutral 



Fig. so. 




When will the body, if disturbed, return to its place ? When not ? Ex- 
plain by resolying force of gravity. What .kind of equilibrium is the first) 
The second! 
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equtHhriumL. A sphere of nnifonn density, Ijing on m boiiioi^ 
tal plane, is an example. 

7ft. To suspend any thing delicately, and yet safely, attention 
most be given to the position of the center of gravity. A thin 
magnetic needle is supported so as to have the freest motion, 
and yet a stable equilibrium, by allowing the standard to pass 
through it, intoji cap oh the upper side; thus, the center of 
gravity hangs below the point of support, and the needle can 
vibrate without Mling. Tpy images are so made that they will 
always keep erect, by loading the lower part, and giving it a 
broad curvature ; the center will then rise, whichever way the 
figure leans, and be lowest when the figure is upright Articles 
are ordinarily hung on pins or hooks by the upper part, so as 
to secure for them a stable equilibrium. But when one bal- 
ances a tall rod on his finger, or walks on stilts, or on a rope, 
the equilibrium is unstable, and a constant efifort is needed to 
keep the center of gravity above the base. The person who 
walks a rope or a wire usually holds a pole, which he moves 
to one side or the .other, for the purpose of restoring the 
eqailibrium. 

yy. Finding tkt center of gravity hy experiment — ^The sub- 
ject of equilibrium furnishes, in many cases, an easy method of 
finding the place of the center of gravity of a body. For if the 
body be suspended, the center will settle exactly below the point 
of suspension. Having in some way indicated the line of di- 
rection, suspend the body again by a different point, and find 
the new line of direction ; then the center of gravity is at the 

What third kind is there? Example. How is a ma^etic needle sus- 
pended? Why? How are toy figures made to keep upright ? By what part 
are articles generally hung up ? Why? Examples of unstable Equilibrium* 
How does a person aid himself in walking on a rope ? Describe how to find 
the center of gravity by experiment. 

8* 
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intenection of the two lines. For example, if an irregnlar 
piece of board were suspended bj its edge, first at one point, 
then at another, and a plumb-line were hung by the side of it, 
in each case, from the same points of suspension, the two lines 
could be marked on the surface, and their intersection found. 
'78* Firmness of support. — ^When the base of a body is an 
area^ instead of a line or a point, and the line of direction fails 
within that area, there is always more or leas firmness of support, 
as has been shown (Art 74). But the degree of firmness de- 
pends on the size of the base, and on the height of the center 
of gravity. If the base is smaller, or the center more elevated, 
the firmness is less, because the apgle is less through which the 
body can lean, without bringing the line of direction to the 
edge of the base. • Thus, a wagon loaded with hay is more 
easily upset than when loaded with iron, because the center 
of gravity is much higher. Observe that, in this case, the 
base of the wagon is the whole rectangle between the four 
points in which the wheels touch the ground. A single book 
lying on its side is in no danger of falling over on its edge, 
because the center is very low, and the base broad ; but a pile 
of books, ten feet high, even if all fastened firmly togetllr, 
would be liable to fiill. 

79. Distribution'of supports. — ^All questions relating to the 
distribution of supports, so that they may bear equal portions 
of the weight of a body, are determined by the laws of parallel 
forces. As a simple example, suppose (Fig. 31) that one man 
parries the end. A, of a stick of timber, and two. others carry 
the other end by means of the bar B C, and it is inquired where 

"When does a body have ^rmnesa of support ? What does the degree of 
firmness depend upon ? Illustrate bj loads. What is the base of a foar- 
wheeled wagon ? A book ? A pile of books t How shall three men bear eqoal 
parts of a stick of timber. - 
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the bar mast be placed, in order that B and C may each sap- 

Vig.SL 



I 



1 



Fig. 82. 



port as much as A. Consider the whole weight as collected at 
its center of grayity ; then BO mast be half as far from the 
center as A is ; for the strength of A is one force, and the onited 
strength of B' and C, another parallel force twice as great ; there- 
fore (Art. 48) the resultant of these forces will be twice as near 
to B C as to A, as it ought to be, Iq order to balance the weight 
of the beam.' All similar questions would be solved on the same 
principle. 

80. The pendulum, — ^Whenever a body 
is so suspended by a point, that its center of 
grayity is free to oscillate back and forth 
through the position of stable equilibrium, 
it may be called a pendulum. In the usual 
construction of the pendulum (Fig. 32), 
it consists of a heavy disk of metal at the 
lower end of a slender rod, at the top of 
which is the point of suspension. The 
disk has the shape of a double 'convex lens, 
wifb thin edges, that it may be resisted as 
KtUe as possible by the air. If the pendulum 
is pushed aside from its lowest position, it 
returns to it again, and in so doing acquires a momentum, which 



4 



Explain the reason. When does a body become a pendnlumt Its uflOfil 
form ? Which kind of equilibrium has it ? 



60 MECHANICS. 

is not destroyed by gravity till it reaches the same height 8ii 
the opposite side. Hence, if no obstruction existed, the vibra- 
tions would never cease. 

81, The center of oscillation. — As the pendulum vibrates, por- 
tiojis of matter in the lowest part have more momentum than 
equal portions in the upper part, because of their greater velo- 
city. There is, therefore, some point where the momentum is 
just an average of the whole. That point is called the center of 
oscillation ; it is below the middle of the material of the pendu- 
lum, so that the less matter of the lower part ijiay compensate 
for its greater velocity. The length of the pendulum is con- 
sidered to be the distance from the point of suspension to the 
center of oscillation ; because a single particle of matter sus- 
pended by a line of that length, and having no weight, would 
vibrate in the same time. 

88, The laws of the pendulum, 

(1.) The times of vibration are independent of the extent of 
swing, if the arcs are short Thus, if a pendulum swing through 
one degree, it will make as many vibrations in an hour as if it 
swings only yi^ of a degree, since both arcs are small. If it 
should be made to ^brate throuo:h 30° or 40° the time would be 
somewhat greater. It is said that Galileo was first led to investi- 
gate the laws of the pendulum, by noticing this fact of equal 
vibrations in the swinging of the great chandelier in the cathe- 
dral of Pisa. 

(2.) — The times of vibration vary as the square roots of the 
lengths. — For example, if there are two pendulums, whose 
lengths are 1 foot and 4 feet, the times of swinging will be 

What is the center of oscillation? Why below the center of the matter? 
What distance constitutes the lenffth of the pendulum ? State the ^rst law. 
What led to the discoTerj of the prop6rties of the pendulum ? Second law. 
Illustrate it. 
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as the numbers 1 and 2, the sqaare roots of the lengths ; that 
is, the longer will swing oncej while the shorter will swing 
iwiee. So, a pendolam 9 feet long will swing once, while the 
shortest swings three times. The seconds pendulum is between 
39 and 40 inches. Hence, a pendulum to beat half seconds 
is a littler less than 10 inches. 

(3.) The t'iine of vibration varies as the distance from the center 
of the earth, — ^Thus, at a point four miles above the earth, a 
pjendulum would require about -j-^ longer time to perform a 
vibration than at the surface, being about j^ farther from the 
centCR It is by means of tbis law, that it has been ascer- 
tained that the poles of the earth are 13 nules nearer the center 
than the equator is. 

83, The pendulum as a time-keeper. — ^Because of the ex- 
actness with which a pendulum performs its vibrations, great 
use is made of it for measuring time, both for the common 
purposes of life, and for scientific researches. Since the ob- 
structions to which the pendulum is subject, would at length 
cause its motion to cease, the mechanism of the clock applies 
a small force to it at every vibration, so that the extent of swing 
may not diminish. The contrivance for accomplishing this will 
be described injihe chapter on machinery. 

84. As heat expands substances, and loss of heat contracts 
them, the pendulum in warm weather lengthens, and swings 
slower, and the reverse in cold weather. In the best clocks 
this cause of irregularity is removed, by making a more ex- 
pansible metal elevate the center of oscillation as much as a less 

■ ■ i I ■ I ■ ^ ■ ■ ■ ■ 11 I ■ 1 ^ I. II ■ ■ I ■ ■■ I I I K ■— — ■,■,■.■ ■ ■ ■■ II ^ 

What is the length of the seconds pendulum ? Of a half-seconds pendu- 
lum? What is the third law? Give an illustration. What form has the 
earth, and how discovered ? What is the common use of the pendulum ? 
Of what use is the machinery of a clock ? How does heat affect the pendulum f 
In what season does a clock lose time ? How is the evil remedied ? 
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expansible one lets it down. In the gridiron pendalnm the 
compensation is made bj using brass rods to elevate, while iron 
rods lower, the center. In the mercurial pendulam a cup of 
mercury performs the compensation, mercury being.a very ex- 
pansible substance. All pendulums which are so constructed 
as to neutralize the eflfects of heat and cold, are called oompsih- 
sation pendulums. 

8«S« The pendulum as a standard of measures, — ^The English 
nation, the American, and some others, have made the seconds 
pendulum their standard of measures. It is admirably fitted 
for this purpose, because of its invariable length at a •given 
place. Should the standard yard of our country be lost or de- 
stroyed, it could be restored by adjusting a pendulum so as to 
beat seconds ; and then the precise relation of its length to 
the standard yard would be known. The standard weight is 
also fixed by the same means, because of the known number 
of pounds in a cubic foot of water. 



CHAPTER V. 

THX SIMPLE XACHINEB. 



88* Machines are instruments through which a power ope- 
rates, in order to modify its effects in various ways. A power 
can produce no greater result by means of a machine than 
without it; but it can produce results in various forms ; and 
this is the object of machines. Most of the contrivances em- 
ployed for such a purpose are reduced to a few elements called 

Describe the gridiron pendulum. The mercurial pendulum. What are 
machines f Can a power produce grtater effect with a machine than with- 
out it ? What is the use of machines ? 
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nmpU machines. They are the following : 1. The lever, 2. The 
wheel and axle. 3. The- pulley. 4. The rope machine, 5. The 
inclined plane. 6. The wedge, 7. The screw. 8. The knee-joint^ 
or combine,d levers. 

Compound m^achines consist of two or more simple machines 
acting one upon the other. 

In the use of a machine, whatever produces motion is called 
the power, and whatever receives the motion is called the weight, 

1.— THE LEVER. 

87. The lever is a bar free to move about a point called the 

fulcrum. 

The straight lever. — ^This is the simplest form, and is of three 

_ orders. In the 1st, the /M/<Tttwi 

Fig. 88. ^ » ^ 

A B is between the power and the 

F j "IF I weight (Fig. 33); in the 2d, the 

^ weight is between the power and 
^ the fulcrum (Fig 34) ; in the 3d, 
the power is between the weight and the fulcrum (Fig 35). 

Pig. 84. 88. In Fig. 33, P and W are 

parallel forces acting downward, 
jf and the reaction of the fulcrum 
A is a balancing force acting up- 
ward. Hence, by the law of par- 
allel forces (Art. 50), each is rep- 
. resented by the distance between 
the other two, so that P : W : : B C : A C ; or, the power and 
weight are inversely as the lengths of the arms. Multiply extremes 

Name the HmpU machines. What are compound machines ? What is the 
power f The weight? Define the lever. How many orders of straight 
leyer ? Describe. Show the law of the first order by the principle of paraUel 
forces. 
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• 

and means, and we have P x A C= W x B C ; that ia, the mo- 
ment of the power equals the moment of the weight. 

From the same law of parallel forces, it is shown that in the 
2d and 3d orders likewise (Figs. 34, 35), the power and weight are 
inversely as the lengths of the arms. 

ng. 88. When a lever moves, the ends 

of the arms will" have velocl- 




^ 



V \^ ties which are proportional to 

the lengths of the arms. There- 
fore, since the power and weight 
are inversely as the lengths of the 

arms, so they will be inversely as the velocities. 

8©. General law of the lever, — If the forces are not paraUel, 

or if the form of the lever is not straight, then the foregoing 
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statement needs to be altered. In Fig. 86, let A C B be a levet 

What is the equation f Give the law for the second and third orders. 
How are the veloeUUe of power and weight proportioned ? When the forces 
are not parallel, what lines in Fig. 86 represent the forces and the pressura 
on the fulcrum } 



THE SIMPLE MACHINES. 65 
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of any form, and suppose the forces to act in the lines A P, Bp, 
Produce these lines till they meet in S ; join S C, and draw O C 
parallel to S B. Now, as the forces act in the directions S O, 
O C, the third side of the triangle SCO, namely, S C, must 
represent their resultant (Art. 43), in order that it may be 
counterbalanced by the fulcrum C, when there is equilibrium. 
Draw C M, C N perpendicular to S A, S B, the lines in which the 
forces act, and it can be proved that C M : C N : : O C : S O. 
But O C : S O : :;) : P (Art. 43) ; therefore, ;> : P : : C M : C N. 

OO. The lines C M, C N, drawn from the fulcrum perpendic- 
ularly to the lines in which the forces act, are called the acting 
distances. Hence the general law of the lever may be stated 
thus : the power and weight are inversely/ as their acting distances. 
This law includes that for the straight lever, because in that, 
the arms themselves are the acting distances. 

Making an equation of the proportion, we find P x C M=|> 
X C N ; or, the moment of the power equals the moment of the 
weight ; where it is understood, that the moment signifies the 
product of either force by its acting distance. 

91, The compound lever, — In a compound lever, the effect or 
weight of the first lever is the power of the second, and so on. 

Fig. 87. 



I 




Thus (Fig. 37), the pressure at B is the weight for the lever 

How are the power and weight proportioned ? What is the ctcting dia^ 
tancef The moment/ Give the general law of the lever. Describe the 
compound lever ? 
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A B, and the power for B D, Ac Let the pressure at B be 
called or, and that at D, y ; thenP: or:: EC: AC; 

ar:y::DF:BF; 
y:W::EG:DG. ' 
Multiply these proportions together, and divide the first couplet 
bjarandy.and we obtain P:W::BCxDFx EG: ACxBF 
X DG ; that is, the power it to the weight at the produetof the 
arms {or acting dietanees) on the side of the weighty to the pro- 
dtiet of those on the side of the power. 
93, Questions on the lever, 

1. The length of a straight lever is 25 inches, the weights on 
the ends are 15 Ihs. and 60 lbs ; when they balance, where is the 
falcmm ? Ans. 6 inches from 60 lbs. 

2. The arms of a straight lever are 44 ft and 5 ft ; if 500 
lbs. are on the end of the short arm, what weight on the long 
arm would balance it? Ans, 56 lbs. 13 iV ^'* 

3. In a compound lever, the arms toward the power are 5, 
10, 16 inches, and the others, 1, 2, 3 inches; if the weight is 
100 lbs., what power will be in equilibrium with it? 

Ans. 12 oz. 

4. In a lever of the 3d order (Fig. 35), W is 5 lbs., and 8 ft 

from F ; with what force must I lift at P, 4 inches from F, to 
sustain W? ^?m. 120 lbs. 

5. In Fig. 36, if P=40 lbs.,;?=12 lbs., and C M=9 inches, 
how long is C N for equilibrium ? Ans, 2 feet 6 inches. 

93. Weighing instrumejjuts, — Most weighing instruments are 
constructed on the principle of the lever. In some, the weight 
is determined by the variations of the poise itself; in others, by 
the variations of the acting distance of the poise. An instru- 

Prove and Btate the law of the oompoond lever. In what' two wajB la the 
weight determined bj weighing infttnunents? 
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ment of the fint Isnd is called the balance ; one of the second 
kind, the steelyard. 

In every weighing instroment, the center of gravity most be 
a little below the fulcrum, to secure a stable eqnihbriuin, when 
the lever is horizontal. 

94. In a balance, the anus are equal, and the scales hang 
from points which are in a straight line with the fulcram. 
Hence, the substance weighed is equal to the poise ; therefore 
we know the weight of the substance, by the poises which are 
placed in the opposite scale, to produce equilibrium. In the 
nicest kind of balance, nsed for scientific research, careful atten- 
tion is given to the constmctlon of all its parts. The arms are 
made light, and yet of such form as not to bend. The bearing 
points of the scales are precbely equidistant from the fulcrum, 
yig-sa. 




and b the same straight line with it. The ^ife-edges of the 

How is the center of grayity ailuBledr WhyT Describe thg bslonce. 
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folcram are accnrately foraied, and bat very little above the 
center of gravity, in order that the equilibrium may be delicate. 
Fig. 38 represents a balance used for chemical analysis. An 
index at G moves along a scale, to show the horizontal position 
of the beam. One-thoasandth of a grain will in some balances 
give a sensible motion to the index. 

9S. In the steelyardy eqiiilibriam h produced by chan^g, 
not the poise itself but its acting dbtance. Thus (Fig. 39), if 

Fl«.88. 




i 



P, at a certain distance from the falcram, balances 1 lb. on the 
hook, at twice that distance it will have twice the moment^ 
and will therefore balance 2 lbs. ; at thrice the distance, 3 lbs., 
ibc. The notches of the bar are marked by the number of 
pounds which the poise will balance. The steelyard usually has 
two fulcrums at different distances from the weight-hook, so that, 
by turning the bar over, and using the fulcrum nearest the weight, 
another set of notches, of higher number, may be used. 

The steelyard is very convenient for ordinary uses, but is not 
easily made with suflBcient accuracy for the nicer purposes of 
science. ' 

90. Platform scales are constructed on the principle of a 

How small a weight will tarn the scale in a nice balance ? How is equili- 
brium produced in the steelyani ? Why haa the steelyard two fulcrums 1 
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cuiiipoDDd lever. There aie varions contrivBiices for keeping 
the platform, on which the weight rests, finnly in & horizontal 
position, withont destroying the delicacy of the equilibrium. 
Fig. 40 showi the plan Bometimes adopted in the weigking ma- 
chinet for loads and heavy animals. The platform A B has at- 
tached to it, at its four comers, short pillars, which hear at W, 
W, on four levers, near their fulcrums, C, D. These lerers are 
of the 2d order, and have their fulcrums at the corners of the 
cell beneath the platforin, while their other eitremilies all reach 
nearly to the middle of the cell, and press on a common knife- 



edge at N, upon the lever E F, also of the 2d order. By the 
rod F G, this lever is connected with another, on which the 
poise is placed. The platform is in no danger of tipping, be- 
cause it la supported at four points; and the four levers, G N, 
&C., being divided at W in the same ratio, act as one lever 
upon E F. Suppose the ratio of the arms of the lever G to be 
1 : 20 ; 
of E F, 1 : 20 ; 
and of C N, 1 : 15; 
then the ratio of P to W is 1 : 6,000. 
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97m The hentrUver balance is represented in Fig. 41. The 

folcrum is at B, and the arms, C B, B A, 
make an angle of 135^ with each other, 
^ so that when B C is vertical, B A is 45** 
^'^ above a horizontal line, and when B C is 
horizontal, B A is 45*^ below horizontaL 
Hence, while the acting distance of the 
poise C, in moving from F to G, increases 
from zero to B G,'the acting distance of 
the weight in the scale changes bnt little 
from B E, first increasing, then decreas- 
ing. The same poise C, therefore, can balance a variety of 
different weights, according to its height on the quadrant F G, 
on which these weights are marked. 

Weighing instruments are sometimes constructed 
on other principles than that of the lever. For in- 
stance, the weight of a body may be measured by the 
effect it produces on . an elastic metallic spring, as 
represented in Fig. 42. 

98* Implements^ dte, — No machine is so much 
used as the lever, in the common implements and 
contrivances for employing our strength to advan- 
tage. The crow-bar, used in prying, is a straight 
lever ; the hammer, in drawing a nail, is a bent lever ; 
shears,, scissors, pliers, and nut-crackers, are double 
levers; the axe, shovel, hoe, &c., are examples t>f 
levers of mixed orders, where each hand is a fulcrum 
in part, and in part a power. The oar of a boat is of the 2d 



Fig. 41 



II 




What angle do the arms of the bent-lever balance make with each other f 
How is the same poise made to balance many different weights ? What other 
principle is sometimes ased for weighing ? Illustrate the lever by imple- 
meota; bar; hammer; shears, Ao. ; axe, kc*\ boat; 
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order, so far as it moves the boat forward ; of the 1st order, so 
&r as it throws the water back. A man, in handling a laige 
box, and tipping it from one edge and angle to another, makes 
a lever of the weight itself; and we do the same in swinging a 
door upon its hinges. When a ladder is raised by revolving it 
npon its lower extremity, it is a lever of the 3d order ; and 
here a laborer uses his strength to disadvantage ; that is, he 
cannot raise so great a weight in this way, as by direct appli- 
cation without a lever ; but he can move it more swiftly. 

99 • The limbs of animals, — ^These are levers of the dd 
order. Each limb is moved by the contraction of a muscle, 
attached at a little distance from the joint, and giving motion 
to it through a strong cord. As an example, the fore-arm (that 
portion of the arm below the elbow) is lifted by a muscle lying 
on the front of the upper arm, from which a cord descends, and 
attaches to the bone of the fore-arm near the elbow, which 
forms the fulcrum. Since the power and weight have eqnal 
moments, the force exerted through the cord must be as 
many times greater than the weight in the hand, as it is nearer 
the elbow. And when the arm begins to move, it must be 
even much greater than this, on account of its oblique direc- 
tion, as seen in Fig. 43. If A is the joint of the elbow, and the 



E 



B 



cord is attached at 0, then the power of the muscle is to the 
weight 6 in the hand, as A B to AC, provided the muscle acts 

What machine 18 a heavy box, when a man is tipping and turning itf 
What order is a long ladder when raised ? Of what order are the limba of 
animals f Describe how the arm is moved hj the mnscle. 



ni-**. 



79 

ptrpemdieularljf, in the line C D. Bnt when the arm is nearly 
■tnight, the cord is very oblique, m £ ; and the acting distance 
ia the perpendicular from A npoa G £ ; hence P is to W, an 
A B is to that perpendicular. 

The advantages of the third kiud of lever in the formatioQ of 
limbs, are seen in the compactness of their stmctare, in the ve- 
locity communicated to them, in the protection of tendons 
vithin the flesh, and in the small extent through which the 
moBcle needs to contract. 

S.— THK WHEEL AKD ATT.H . 
100. 7^ WJieel and Axle consists of a cylinder and 
wheel, firmly united together, 
and free to revolve on a common 
axis. The power acta at the 
circumference of the wheel, and 
the weight in the opposite di- 
rection at the circumference of 
the cylinder or axle. Each ra- 
dius, as it comes to the point 
where the force is applied, takes 
" the place of an arm of a lever ; 

the wheel and axle ia therefore a sort of cndleBs lever. Id Fig. 
44, where v> on the wheel is a power in equilibrium with W on 
the axle, they have the same relation to each other as if on 
the ends, of a lever of the first order, whose acting distances are 
equal to the radii respectively ; therefore v (or P) : "W ; : 
rad. axle : rad. wheel ; hence P X rad, wheel =. W X rad, axle ; 
or, the moment of the power equals the moment of the weighL 



of > lever I What is Ihe low of equilibrium 1 Give it 
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The diamelert may be naed instead of radii, in stating this 
law, since they have the same ratio to each other. 

101. Instead of a wheel, one or more spokes of it may 
jf^f^ he naed with the same 

effect ; as tiie crank 
in a windlass, or the 
bars in a capstan (Fig. 
is). In the latter, 
several bu« can be in- 
serted io the holes, and 
the whole strength of 
a man exerted at each 
one, for the purpose of raising an anchor, or other great weight. 
As in the lever, so in the wheel and ax!e, the power and 
weight are to each other inversely as their velocities. 

103, The compound wheel and axle, — The wheel andaxle 
^tg,tt, is much more employed in the 

compound form, than the lever 
is. Fig. 46 illustrates the nsoal 
manner of doing it by toothed 
wheels. Those wheels in a ma- 
- chine, which commanicate mo- 
tion to others by the circamfer- 
ence, are called driving wheeU, 
and those which receive motion 
by the circomference are called 
driven wheett. When the crank P Q is turned, it is seen 
that A and C are driving wheels, and B and D are driven 

Whit maj be aubBtituied for tha wheel T How is the wheel and ule com- 
pounded) Whit am 4rivl>iff wbeelal 2W«» wheels I Qin Oi» nOo at 
power to weight. 
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wheels. The crank P Q mast he leckoned among the driren 
wheels, and the axle E, among the driving wheels. The foroe 
which A exerts on B, call x; that which G exerts on D, call y ; 
then, hy the hiw of the wheel and axle, 

P : « : : rad. A : P Q. 
x:y :: rad. G : rad. B. 
y : W : : rad. E : rad. D. 
Multiply these proportions together, and divide by x and y, 
and we have 

P: W:: rad. A X red. G X rad. E:PQx rad.Bx rad.D; 
or, the power t« to the weight a« the product of the radii of the 
driving wheeU is to the product of the radii of the driven wheels. 

103« Queetions on the wheel and axle. 

1^ The diameter of a wheel is 4| ft., and that of the axle 1 |ft.; 
what power will be required to balance 100 lbs. ? Ans. 27 Iba 
12f oz. 

2. P=12 lbs., W=100 lbs.; diam. axle=l ft; required the 
diameter of the wheel. Ane. 8 ft. 4 in. 

3. Three driving wheels of a machine are 8 inches in diam- 
eter, and the axle 6 inches ; the driven wheels are respectively, 
5 ft., 4 ft, 3 ft., 2 ft., in diameter ; and the power is 10 lbs. ; what 
weight would be in equilibrium with it ? Ar^, 8,100 lbs. 

1041* The fusee. — In some watches, there is a contrivance 
*^ *'^- called the fusee, intended 

for equalizing the effect of 
the main-spring. When 
first wound up in the bar- 
rel A (Fig. 47), it draws 
most powerfully on the chain ; and as it uncoils, its force be- 
comes less and less. But the pressure produced by the teeth 

- _ ■ II ■ ■ I ■ I . _ . - — - 

What ifl the purpose of the/t^M0 in a watch ? Explain its operation. 
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of the wlieel B on the other wheels of the watch ought to be 
always the same. Hence the chain from A is wound off from 
a spiral groore on the axis of B, first from the smallest part of 
the spiral, and then from larger and larger parts, as the spring 
uncoils. Thus the acting distance'hccomes greater, as the force 
itself becomes less, so that the moment of the force is kept 
constant. 

3.— THE PULLET. 

lOtS. The pulley consists of a wheel or roller, with a cord 
passing over its edge ; the axis of the roller is in a block, which 
may be fixed, or may move with the weight ; and the pulley is 
accordingly called a fixed pulley, or a movable pulley. The pul- 
ley owes its efficiency as a machine to the principle, that any strain 
or tension, which is applied to one end of a cord, is transmitted 
through its whole length, however much its direction is changed. 
The ropes of a pulley are in every case supposed to be parallel 

106. The fixed pulley. ^¥ig, 48 rep- 
resents this machine. Its only object is 
to change the direction of the motion, for 
the same power is required to raise the 
weight iu this way, as to raise it without 
a machine. The force exerted at one end 
of the rope being transmitted to the other 
end, the weight must just equal that force 
in order to be in equilibrium with it. 
Therefore, P=W. It is used very advan- 
tageously in raising a weight by pulling 
downward,, so that the weight of the per- 



Fig. 48. 




W 





Describe the puUej. What two kinds ? To what does the pulley owe its 
efficiency I State the use of the fixed puUej. 
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ton slutU aid his strength ; and is for this reason of great terrice' 

on Bbipboard. The fire-eitape (Fig. 49) is sometimes nothing 

V^«. else than a fixed pulley attached near a 

window, hf which a person with a rope, 

i looped at one end, may let himself down, 

' while one-half of his weight comes npon 

his hands. 

lOr. Tke movqbtt pulky.— la fig. BO 
the tension produced by P is transmitted 
from A down to E, and thence up to the 
beam; so that W is sustuned by tico por- 
tions of rope, each of which exerts a force 
equaltoP;thereforeW=2 P; or,P:W:: 
1:3. So, in Fig. 51, F, on the end of the 
rope, transmits its tension to 
eveiy part of it, and »ix por- 
tioDS are employed in sustain- 
ing W. Therefore P:W:: 1: 6. 
In general, in all pulleys, where 
only one rope is used, the.power 
is to the w^yht, ai one to the 
number of timeg the roipe pauet 
betufeen the blocks. 

108. The eompomtd pul- 
ley. — If each movable pulley 
has its separate rope, the ma- 
chine is compound. In Fig. 52, 
let the weight hanging on F be 
called X, and that on D, y. 
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Then, as in Fig. 50, 
P :«: : 1 : 2 

1 :2 



Fig. 62. 

^wmtny fflWB^^ wmiMMP' 
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y : W : : 1 : 2 ; 
Therefore, P : W : : 1 : 2» — 8 ; 
or, the power is to the weight, as one 
to that power of two expressed by the 
number qf ropes. 

109. The pulley is efficient as 
a machine, becansc the tension exert- 
ed by the power at one end of a rope, 
is applied repeatedly to the weight. 
The wheel serves no other purpose 
than to diminish friction. - Were it not for friction, the rope 
might just as well pass around fixed pins in the blocks. 

4.— THE BOPB MACHINE. 

110. When the ropes of a pulley are not parallel, the in- 
strument receives the name 
of the rope machine; and 
the laws which have been 
stated are not applicable. 
If, in Fig. 63, the parts of 
the rope, by which D is 
upheld, are oblique to each 
other, W cannot be so 
great as twice P, as it is, 
when the ropes are paral- 
lel (Art. 107). For, let EF 
represent the tension of P, 



irwTWgmititahlWHWWllrtwKH 




State the law of eqnilibriam. Of what use is the wheel in the pullejf 
When does the pulley become a rope machine t 
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and resolve it into E D and D F. E D is the only eompo- 
nent employed in supporting W ; but as the tension on the 
other side is equal to E F, there is another upward force, found 
by resolving that : so that the whole force which directly sup- 
ports W, is twice ^ D ; and therefore P : W : : E F : 2 E D.- 
Since E D is always less than E F, W is less than twice P. ' As 
D is raised higher^ E D diminishes, and therefore the weight 
sui^t^ned becomes less and less. 

6.— THE INOLINBD PLANE. 

Ill* It requires less force to move a body up an inclined 
Fig. 6L plane than to raise it perpen- 

dicularly, because the plane 
itself, partly supports the 




weight. This appears by re- 
solving the force of gravity. 
Suppose W to be prevented 
from descending the plane 
A C (Fig. 64) by P, acting by a cord over the fixed pulley A. 
Let the weight W be represented by W G, drawn in the di- 
rection of gravity, and resolve it into W D, parallel to the. 
plane, and D G, perpendicular to it. D G is neutralized by the 
reaction of the plane ; so that, if the power acts up the plane 
with a force equal to D W, the weight will be in equilibrium. 
Therefore, P .' W : : D W : W G. And, as W D G and A B C 
are similar triangles, P : W : : A B : A C ; that is, the power 
i8 to the weighty as the height of the plane is to its length, 

113* This is the law of equilibrium when the power acts 
parallel to the plane ; and this is the usual direction, because 

&bow that the weight caoDot equal twice the power. Why does a less force 
■OBtain a weight on an inclined plane than directly ? Show the ratio of power 
to weight, bj resolving. State the law of the inclined plane. 
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it is more efficient than in any other. If the power acts par- 
allel to the base of the plane, it could be shown in a similar 
manner, that P : W < : A B : B C ; or, lieight : base. 

113. It is clear from the demonstration, that the more near 
Ij horizontal a plane is, the greater is that component of ihe 
weight which is neutralized by the plane, and the less is that 
which the power has to overcome. It would appear, therefore, 
that on a horizontal plane, no force is needed. This is obvious- 
ly true, for a weight at rest on a level surface is in equilibrium, 
without the application of any force. And if in motion, it 
would by its inertia continue in motion, were it not for obstruo- 
tions. 

1 141, Roads. — When roads are not perfectly level, they are 
examples of the inclined plane ; and while one part of an animaPs 
strength is needed for overcoming friction, just as on level roads, 
another part is always necessary for lifting a certain fraction of 
the weight Thus, if a road, rises one foot in 100 ft., tlien, since 
P : W : : height : length, a horse, in drawing up a load, has to 
lay out strength enough to lift j}^ of the load, brides what ia 
expended in overcoming friction. 

1 ItS* Descent on ari inclined plane, — The tendency of a 
weight down a plane is clearly equal to the power needed to 
prevent its motion. Hence, the force which urges a body down 
a plane is to the whole force of gravity, as the height is to 
the length. On a railroad, which rises one foot in 300 ft, a 
train tends to go down with a constant force equal to ^f u- of its 
weight. The motion down a plane is, therefore, uniformly acceU 

In what direction is the power supposed to act ? If the power acts parallel 
to the loMf what is the law? What is the e£fect of dimiDishiog the inclina- 
tion? Suppose the plane horizontal. On an inclined road, what part of the 
weight must the horse Uftf Illustrate by numbers. Uow great is the ten- 
dency of a body down a plane ? Example. 




eraUd, thongti at s less rate than in &lling perpendicnlarly. 
And, if a body is projected op a plane, its motion ia uniformly 
rcfanf«i, because a con«f(Mt force (though* less than the force 
of gravity) ia operating to hinder its motion. 

110. If different planes, as in 
Tig. 6S, have the same height, it is 
proved that the timt of descent nil) 
be as much greater as the plane is 
longer ; bnt the velocity acquired 
will be exactly the same, whether 
* " ° * down A D, A E, A C, or perpen- 

dicularly down A B. 

e.— THE SpKBW. 
IIT. Ifai»eceofpaperbe cut in theformof aright-angled 
triangle, Fig. 56, and 
, then wrapped round a 

cylinder, whose circum- 
ference is equal to the 
base of the triangle, the 
C inclined plane, repre* 
sented by A C, will be- 
come a spiral line, and 
A the height of the tri- 
angle will be the dis- 
tance between' two sncces^Te revolutions. The machine known 
as the tcrew, consists of a cylinder with a groove cat around it 
in this form, while a concave cylinder, called the ttwt, having a 

What kiod of mption has > bod; in going dmen a plane I Vp a planet 
DeMCDt OQ plaaea of different length, but of the Bsme height, how are the 

dined plaaa. 
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Fig. ST. 



similar groove, fits upon it. If the nut is free to move only ver- 
tically, and the screw be turned round horizontally, by a force 
applied at the surfaee, the case is analogous to raising a weight 
on a plane by a force parallel to the base of the plane. But^ in 
the plane (Art. Ill), P : W : : height : base. Therefore, in the 
screw, the power is to the weight as the distance between the 
threads is to the circumference of the screw. 

118. The screw is generally turn- 
ed by using a lever or bar, inserted 
in the cylinder, as in Fig. 57. In this 
case, the power gains' efficiency just in 
proportion as the circumference is in- 
creased ; so that the law of the screw, 
in general, is this : the power is to the 
weight cls the distance between the 
threads is to the circumference describ- 
ed by the power, 

119. The circumference described by the power maj easily 
be made very great, compared with the distance between the 
threads ; and therefore the intensity of force produced by the 
machine may be equally great compared with the power. And 
since the bar may be inserted when the force is to be applied, 
and afterwards removed, the machine is very compact as well as 
efficient. Hence it is much used for presses, and wherever in- 
tense force is to be exerted through small spaces, as in lifting 
buildings up from their foundations. 

ISO, The endless screw, — Not only is the screw ordinarily 
compounded with the lever, as juat stated, but sometiniUi its 




. What does the height become ? What the base ? Give the law of the 
screw. How is the intensity of the effect made verj greats? For what pnr- 
posea is the screw used t When called an endleti screw f 
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thread w^orks in the teeth of a wheel, as represented in Fig. 58. 
In this case, the lever and screw form a compound machine 
with the wheel and axle. This figure represents the pulley and 
inclined plane as also combined with the others. 



JlC.661 




Suppose the radius B C= 18 inches ; distance between threads 
= 1 in.; diara. of wheel E D=4 ft.; do. of axle=l ft.; the 
pulley G H, with one rope passing four times between the blocks ; 
the height of the plane = half its length ; to find the weight sus- 
tained on the plane by. 100 lbs. at B. 



In screw and handle (Art 118), P : W 



or, P : W 



In wheel and axle (Art 100), 
" pulley (Art 108), 
•" inclined plane (Art. Ill), 



1 : 36 X 3.14159, 
1 : 113.0972. 
1 :4 
1 :4 
1 :2 



And 100 lbs. : weight : : 1 : 3619.11 
Hence the weight=100 x 3619.11=361,911 lbs. 



What are the sereral simple machineB in Fig. 68 f 
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7.— THE WEDGK 



131. We have seen that on an inclined plane, when the 
power acts parallel to the base, P : W : : height' : base. On 
account of eqaal action and reaction, the same would be true, 
if the plane itself were moved horizontally, while the weight 
resting on it was confined to move vertically. The plane thus 
used becomes a wedge ; hence, in the wedge, the power in to the 
weight «u the hack of the wedge is to t^ length. If the pressure 
which is produced on both sides of the wedge is included in the 
weight, as it often is, then the law of equilibrium would be, the 
power is to the weight as half the back of the wedge is to^ the 
length. It is obvious from the law, that the less the angle of 
the wedge, the greater is its efficiency. But the angle must 
not be too small, lest the wedge lose its strength; and the 
proper size of the angle depends on the hardness of the 
material to be divided. Wedges are used where great pres- 
sures are to be exerted through a small space, as in splitting 
timber or stone. The force is generally applied by a series of 
blows, the friction holding the wedge in place during the inter- 
val between them. Some cutting tools act on the principle of 
the wedge entirely, as the axe, and the chisel when driven by a 
mallet ; but more frequently cutting tools derive a part of their 
efficiency from the oblique or lateral motion, which is given to 
them in addition to the pressure. This is seen in drawing along 
a knife, as it is pressed down. The effect of the lateral motion 
is supposed to be due, at least in part, to the roughness of the 
edge, acting like the teeth of a saw. 



How does the inclined plane become a wedge f State the law of the wedge. 
How is its efficiency increased ? • When are wedges used ? How is the force 
common! J applied? Do all cutting instruments operate whoUj on the prij^? 
ciple of Uie wedge? How does this appear! 
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8.— THB KNEE-JOINT. 

199« This is a macliine consisting of two bars, usually equal, 
hinged together at one end, while the others can separate in a 
straight line. The power is applied to the hinge, tending to 
thrust the bars into a straight line ; and the weight is the resist- 
ance to be overcome by the moving extremity. . 

19S. In Fig. 50, let the power P act in the direction A C, 
perpendicular to B D, whOe the end B of one bar turns on a 
pivot, and the other, D, encounters the resistance W. The 
power exerts equal pressures along the bars. Let A B repre- 




sent one of these forces, and A D the other. Resolve A B into 
A C and C B; and A D into A C and C D. Then the whole 
downward force, 2 A C, is counteracted by the plane B D ; the 
horizontal force C B is counteracted by the pivot B ; and the 
other, C D, is exerted in overcoming W. If now W is repre- 
sented by C D, there will be equilibrium, when the whole 
force P is represented by 2 A C. Therefore, 

P : W : : 2 A C : C D ; or, the power is to the weight cu 
twice' the distance from the joint to the line between the ends of 
the bars, is to half that line. 

Describe the knet^oint, Frove by the figare what is the ratio of P to W. 
State the result as a taw of the knee-joint. As the joint is depressed, what 
change in this ratio f 
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194. As the joint approaches the line, the power grows 
more and more efficient, because A becomes smaller, and 
C D lai^er. For example, if A D=10 in., and A 0=8 in., 
then C D=:6 in., and P:W::2x8:6, orasSrS; when 
A C=6 in., then C D=8 in. ; and P : W : : 3 : 2 ; and when 
A C=J in., C D=9.99 in.; and P : W : : 1 : 9.99. In the 
first position, the weight equals only f of the power ; in the 
second, it equals | of it ; and in the third, it is about ten times 
as great as the power. It is this peculiarity in the knee-joint, 
— ^namely, the increasing efficiency of the power as the bars 
approach a straight line, — which gives to this machine its prin- 
cipal value. It is extensively used in printing, coining, and 
similar operations. 

While W itself becomes greater, it is evident that its velocity 
becomes less, as in all other machines. 



CHAPTER VI. 

HACHINtiRT. 



\ftS» It was stated (Art. 86), that machines are not designed 
for producing effects which are greater than what the power 
alone could produce without their aid, but for varying the char' 
acter of these effects. That the effect is not greater than the 
cause, appears from the fact noticed in all the simple machines, 
and which has been repeatedly mentioned, that according as the 

Illustrate. The value of this machine. Where used f How does it ap> 
pear that a machine does not increase power t What is its use f What mod- 
ifications are first mentioned? 
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weight is greater, its velocity i« less ; 80 that the nKMnentam 
remains the same. 

190* Variations in vtloeity and inUnsity, — The purpose 
of the machine sometimes is to move a ffreat mass^ or to exert 
interue pressure ; as, when a man by his strength raises a Urge 
rock with a lever, or a corner of a building with a screw, or cuts 
a sheet of iron with shears ; but in all such cases, while the in- 
tensity of the effect is increased, the velocity is diminished. The 
whole effect,' properly measured, is not greater than the ^ower. 
In other cases, the machine b designed to produce great velo- 
city ; as when a person whirls the article which he is turning 
in a lathe, by the strength of his foot on the treadle. Here, 
the speed is great, but the intensity of the force is small, so that 
the total effect is no greater than that which the same sti'ength 
could have produced without the machine. 

197, Wheel-work, — In machinery, great use is made of 
wheels, for varying the velocity or intensity, while communi- 
cating motion from one axis to another. The connection of 
wheels by teeth is called gearing; small toothed wheels are often 
called pinionSj and their teeth leaves, 

198« If two wheels are on the same axis, the velocities of 
the circumferences are proportional to the number of teeth. 
But when one wheel gears into another, the absolute velocities 
of the circumferences must of course be the same ; and therefore 
the smaller will make as many more revolutions than the larger, 
as its number of teeth is less. Thus (Fig. 60), the wheel A, 
having twelve teeth, and the pinion B, having five leaves, B 
'will revolve 2f times, while A revolves once. If now a wheel 

MentioD cases where great intensity is needed. A case where great wlO" 
eUy is desired. What common way of changing velocity ? State velocities 
when two wheels are on the same axis. When one wheel tams another t>j 
<M^. Illustrate both by an example^ 
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of 100 leeth is confined to the axis B, 
h will iDske the atuae namber of levola- 
tioas as B, but its circamfbrence will 
more 30 times as fast It, again, the 
teeth of this wheel drive aaother pinion 
of five leaves, this last will rerolve SO 
times while B revolves once, and 20 x 2} 
(=48) times daring one revolution of 
A. I'bns, the speed of revolution from 
axis to axis can be increased or dimin- 
ished at pleasare. 

13*. In Fig. 61, if the wheals B and C huve 100 teeth 
each, and the pinions a and b tea leaves each, then the aue of 
a revolves 100 times, 
while that of e revolves 
once. If, moreover, the 
radins of the wheel A is 
three times that of the 
axle e, the velocity of P 
la 300 times that of W. 
Add since the velocities 
are inversely as the 
forces (Art 101), the 
force applied to the wheel 
A is only j^j of W, in order to be in eqailibrium with it 

It is obvious that two successive axes must revolve in coq- 
trary directions ; if, therefore, it ia desired to have two axes move 
in the same direction, there most be an intervening wheel to 
produce the change. 

Bbow the ratio of power to wei|;ht bj >d eitmple. Id what direotioD do 

two aucceaaiTe wheels revolT«l Hoiv cui one wheel o>um knatlur tn revol'* 
Id the tofiM direotioD 1 
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ISO, In a clock, the train of wheels 
is intended to convey from the weight a 
gentle but long-continued pressure to the 
pendulum. The scape-wheel A B (Fig. 
62) is the .last of the series ; at each swing 
of the pendulum, a tooth escapes from the 
pallet I or E, and in doing so exerts a 
slight pressure, which prevents the pendu- 
lum from losing any in the extent of its 
oscillation. As there are many thousands 
of beats every day, the velocity of the 
scape-wheel needs to be much greater than 
that of the cylinder on which the weight 
Langs. Hence, the necessity of many 
\\ heels, in order that frequent winding 
may be avoided. 

131. Bands are used in 
transmitting rotation from 
one axis to another when 
they are distant^ and when a 
precise ratio of velocities is 
not essential. The ratio is 
estimated in the same way as 
in toothed wheels, but it is 
liable to change by the slip- 
ping of the bands. It is read- 
ily seen (Pig. 63), that the small- wheel revolves as many more 
times than the large, one, as it is smaller in circumference, or 



]ic.6a 




Whj are so mvmj wheels. put into a clock? What effect does the nDeigkt 
produce ? Explain the operation of the scape-wheeL How is frequent wind- 
ing avoided f How is rotation communicated between diatarU axles I How 
Is the ratio of Velocity estimated ? What objection to bands f 
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diameter, provided the band does not slip on either wheeL The 
two will revolve in the same direction when the band is not 
crossed, and in contrary directions when it is crossed. 

133» Change of direction in axes. — The teeth of wheels 
are usually cut on a cylin^fic surface, as in Fig. 64, for com- 
municating motion between parallel axes. Such wheel-work is 
called spur gearing. But if axes are oblique to each other, ro- 
tation is communicated by teeth cut on a conical surface, as 
represented in Fig. 65. This is called bevel geaHng, 

Fig. 64 Fig. 6S. Fig. ML 






Fig. 6T. 



There are also contrivances for allowing an axis to change its 
direction from one position to another, even while it is revolv- 
ing. . Fig. 66 presents an instance, called the universal joint 
Each axis terminates in a semicircular fork ; 
and these are hinged to an intermediate piece 
by two axes at right angles to each other. 

A ratchet (Fig. 67) has oblique teeth, and 
a catch falling between them by a spring, so 
as to allow free revolution one way, and no 
motion in the opposite. 




What is the effect of croaaing the bands ? Describe spur gearing. i?efw/ 
gearing. When is the latter used ? State the use and construction of the 
vnvo&rsal Joint. What modification is caused by the ratchet? 
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13S. Variaiunu in the line of motion. — All the machines 
described in the foregoing chapter may cause variations in the 
d rcetion^ and also in the character of the line in which the 
motion occurs. Thus, in the first order of lever, when the 
power (fMceWx,. the weight aseende; the same is true of the 
wlieel and axle, and of the pulley generally. Again, the power 
may move in the circumference of a circle, and the weight in a 
straight line ; as in raising a bucket by a crank, and in pressing 
substances by i screw. Or the reverse of this may be true, as 
in a clock, where the moving force (the clock- weight) describes 
a straight line, but the scape-wheel (whose pressure on the pal- 
lets of the pendulum is the eJQfect produced) revolves in a 
circle. 

134* Besides these variations in the' line of motion, there 
is another of very frequent occurrence ; the power may have a 
constantly progressive motion, and the weight an oscillating 

motion, or the reverse. The water-wheel re- 
volves continually in one direction, but the saw 
which is driven by it vibrates up and down. 
But in the turning-lathe the reverse takes place ; 
the treadle vibrates, and the article turned re- 
volves constantly in one direction. The crank 
(Fig. 68) is a familiar contrivance used for pro- 
ducing both these changes. If the wheel H 
revolves, it causes the rod B to move alternately 
up and down within the guides, by means of 
the crank-rod ah ; or, on the other hand, if B 
oscillates, it communicates a revolving motion 
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What other changes beside that of velocity do maclhines produce ? lUas- 
trate by leoery wheel and axis, and pulley. Also bj bucket raised by crank, 
and the scape-wheel of a clock. What other change still f Give ejcample in 
the saw. Also in the lathe. Use of the orank f 



MACHINEBT. 91 

to H. A very common element in machinery for producing 
oscillating motion- is the cam^ which, is simply a projection on 
one side of an axis. As the axis reirolves, any thing which 
rests against the cam moves to and fro a^ruately at every revo- 
lution. A series of strong cams on the circumference of a 
wheel gives to the trip-hammer its rapid and powerful action. 
The cam, in the form of a circle, placed eccentrically on an axis, 
and henSe called an eccentric^ is used much in steam machinery 
for opening and shutting valves. 

139« Begulators of machinery. — Machinery is usually sub- 
ject to changes in velocity. These changes arise sometimes 
from changes in the prime mover, as when the force of steam 
is greater or less, according to the fire ; and sometimes from 
changes in the resistance to be overcome, as when, in a weaving- 
room, a part of the looms are stopped, and again set going. In 
such cases injury is likely to be done, both to the machines and 
to the manufactured articles, unless some means are used either 
to prevent changes of velocity altogether, or else to render 
them ^adual. 

136. The governor. — This regulator is intended to keep the 
velocity of the machinery uniform. It consists of two heavy balls, 
C C (Fig. 69), on the ends of two bent rods, C B D, C B D', 
which are hinged to an upright axis A £. This axis, with its 
rods and balls, is continually whirling, when the machinery is 
in motion. The centrifugal force tends to throw the balls out 
from the arms, against which they would rest if the machinery 
were stopped ; and, at the proper velocity, they maintain a cer- 
tain distance fi'om the axis, which is not altered so long as the 

■ III. I II .— — 

What is B eam^ and what is its use? iSlxamples. Why are regulators 
needed in machinery ? Describe the governor. On what does it operate f 
If the machinery is moving too slowly, what effect is produced ? 
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Telocity is not changed. But 
if the power is increased, or 
if some of the machinery is 
ungeared, the velocity would 
increase, the balls would spread 
oat a little farther, and in so 
doing would draw down thB 
end of a lever, E, and partly 
shut the valve which admits 
water or steam ; thus the velo- 
city is instantly reduced to its 
proper rate. On the other 
hand,, suppose the power to 
grow more feeble, or more 
than the usual machineiy to 
be attached, then the velocity 
is too small ; and the balls, 
losing a part of their centrifugal force, descend toward the axis, 
press up the end £ of the lever, and thus open the valve for 
the water or steam to enter at a faster rate, and restore the ve- 
locity. 

137. The fly-wheel or halanee-wheeh — This kind of regula- 
tor is not intended to keep the velocity uniform, but only to 
prevent sudden changes^ when the power or the resistances are 
suddenly altered. It is simply a large wheel with a heavy rim 
(Fig. 70), which revolves at a certain rate, according to the ve- 
locity of the machinery at the time. If the power diminishes, 
or the resistance increases so as to reduce the speed, this heavy 

If too swiftlj, what effect? Does th^ fiy-whed keep the motioD uniform? 
Describe it, and the effect it produces when the power diminishes. When it 
suddenly increases. 
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wlieelybj itB MerliM, tends to \.eep 
on at hs foimer nte, and loses 
its Yelo<dty only tcij gradnaD j, 
and thus prevents a sndden duni- 
nntion of velocity in tbe other 
parts of the madiineiy. And, in 
a similar manner, if the power 
becomes more eneigetic, or if 
some of the machines are un- 
geared, the others will not be 
suddenly driven with a great ve- 
locity, because the inertia of the fly-wheel is so great that it 
gains velocity only very slowly. Thas it allows changes, bat 
renders them all very gradual 

138, I'rietion, — ^The laws of simple machines, given in 
Chapter Y., are tme only on the supposition of perfectly unob- 
structed motion, in obedience to the fofces considered, which 
are called the power and weight. After determining these laws 
by calculation, suitable allowance must be made for cibstruih 
lions to motion, which always exist in some degree. The prin- 
cipal obstruction is friction. This arises from roughness, and 
is diminished by rendering surfaces more smooth. But as the 
microscope %hows that a surface is never absolutely smooth, so 
the most perfect machine proves that there always is some 
degree of friction. 

. 139. The amount of friction in a machine depends on the 
hind of machine, on the material of which it is made, and on 
the care which is employed in its construction. But, in ordi- 



Are the laws of machines giyen in Chapter V. praetioaUy ityn^J Wbjrt 
State the ca\ue of friction. What does its amount depend on ? In what oast 
ia firiction greatest? • 
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Dsiy machines, one-fourtK, or eTeo one-third of the calcnlated 
effect must be deducted for this and other obstructions. 

I4#. The friction which occurs when one sur&ce didta on 
another, is greater thau when it roth. Ilence the use of wheels 
in vehicles. Sometimes ,^^f(o»-«A«b arc introduced into ma- 
chines, for the purpose of reduinng; the friction in the greatest 
possible degree. Fig. 71 shows the wheel of Atwood's ma- 
chine mounted on friction wheels. If 
the axis of the principal wheel rested 
in sockets, the mrfaces woold tlide, but 
by letting it rest on the circumferences 
of four other wheels, as represented, it 
roU* on them, cau^ng them to revolve 
slowly. There is, however, sliding fric- 
tion between the axes of these other 
wheels and the sockets in which they 
revolve, but it presenta much less ob- 
strttction, because overcome on the prin- 
ciple of the wheel and axle. 
141. Though friction ia apt to be considered an evil, since 
more power is required to produce given effects than if friction 
did not exist, yet, on the whole, it must be regarded as of incal- 
culable advant!^. Objects stand firmly in their places by fric- 
tion ; and the heavier they are, the more firmly they stand, be- 
cause friction ia increased by pressure. All fastening by n^s and 
screws is due to friction. The fibres of cotton, wool, or silk, when 
intertwined with each other, hold together firmly in cloth, by the 
same force. Without friction it would be impossible to walk, or 
even to stand, or to hold any thing by grasping it with the hand. 
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14^. Definitions. — Ayiuidisa snbstance vhose particles 
are easily moved among each other. The name fluid includes 
every thing which is not solid. It might appear as if the defi- 
nition would apply to a solid when finely pulverized, but it does 
not ; for each one of the grains of a pulverized substance is it- 
self a solid, whose parts are not free to move among each other. 
Moreover, gravity will bring the surfece of a fluid to a level, but 
not that of a powdered solid, because the particles are not all 
free to move. Fluids are of two kinds, liquids and ffoses. 

A liquid is not compressed or expanded by force applied to 
it, except in a slight degree. 

A ffas can be compressed or dilated with ease, and beyond 
any know Umits. Water is the common example of liquids, 
and air of gases. 

143* It was for a long time supposed that water is wholly 
incompressible. But careful experiments have proved that it 
can be compressed slightly. An instrument, invented by Oer- 
sted, renders the. compression produced by the weight of the 
Atmosphere (which is a force of about fifteen pounds on a 
square inch), distinctly visible to the naked eye. He makes the 
compression of water equal to forty-six one-millionths of its 

Define a jluid. Does the definition apply to a pulrerized solid ? Why 
DOt? What two classes of fiuids? Define ^ach. Give an example of each. 
Is water compressible ? How much bj one atmosphere ? How may liquids 
and gases be properly distinguished I 
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Tolame for one atmosphere. Still, for all the parposes of ex- 
periment or calculation, liquids may be regarded as incompressi- 
ble fluids ; and the gases, in distinction from them, may be called 
compressible fluids. 

1 44. The mechanics of liquids is divided into two branches: 
the first treating of liquids at rest, properly called Hydrostatics ; 
the second, of liquids in motion, called Hydraulics, The word 
iljdrostatics, however, is commonly applied to the general 
science of liquids, including both of these branches. 



CHAPTER L 

LIQUIDS AT BEST. 

X^S. Transmitted pressure.'^'When a force is applied to 
any part of a fluid, it is transmitted undivided to every part of 
it. Thus, if the bung, occupying one square inch of the sur- 
face of a cask full of water, be pressed with a force of 50 lbs., 
then every square inch of tBe interior of the cask will receive a 
pressure of 50 lbs. And if the force is increased till the cask 
burst, it will give way in the weakest part, no matter whether 
in the direction of the pressure or not. A downward force not 
only produces dovmward pressures on the bottom, but lateral 
pressures on the sides, and upward pressures on the top, and 
pressures in all possible directions, according to the position of 
Jthe surface. The bladder B, in the vessel of water A (Fig. 72), 

The mechanics of liquids is how divided? State the law of transmitted 
pressure. Ulustrate bj an example. Example of the bladder. 
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shows pressure on all sides, when the piston 

at the top is crowded down, 

14C The hydraulic prett.- — Tie prin- 
ciple jast Etated explains the power of the 
hydraulic; press (Fig. 73), In the tube of a 
emaJI forcing pump a, a solid piston is moved 
by the rod imd lever s,cd; water is thus 
brought up from the reservoir helow, and 
driven into the large cylinder A, in which the 
piston S moves snd acts upon the press above. 




WhaWvev force is applied to the eraall piston, 

aiany times on the large piston as the area of the latter is 

greater than that of the former. The principle of the lever 



le? Wliatmaclmia ia uaaaUj oambinedwilll 
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18 combined with that of traDsmitted preasarei bo as to render 
the machine very powerful. 

Suppose the arms eh : ed : : I : 20y . 
and the areas, of the pistons as -1 : 144, then 

P : W : : 1 : 2880; therefore, a man 
by exerting a force on the lever of 50 lbs., will produce a pres- 
sure on W of 144,000 lbs. 

14T. Since the same quantity of water which is driven from 
the small cylinder is admitted to the large one, the piston S 
will move as many times slower than the other, as its area is 
greater. Hence, the same principle applies here as in other 
machines, that the velocities of power and weight vary inversely 
as their intensities. 

148. This machine has an advantage over all others, in be- 
ing remarkably free from friction. It is employed for pressing 
hay, cotton, paper, books, <&;c. ; for uprooting trees, and testing 
the strength of ropes, chains, and building materials. The tu- 
bular bridge over the Menai Straits, after being constructed at 
the water level, was raised more than 100 feet,' to the top of the 
piers, by two hydraulic presses. The weight of each portion 
lifted at once was more than 1,800 tons. 

149* Level surface. — When a fluid is at rest, its surface is 
levelj that is, it is perpendicular to the direction of gravity, as 
shown by a plumb-line. This is a consequence of the free mo- 
tion of the particles; for if any portion of the surface is in- 
clined, the particles will slide down by the force of gravity, till 
the whole surface is level. 

ISO. A level surface is not a plane, but has the curvature 



State the ratio of velocity in the two cylinders. What peculiar advantage 
has this machine? Its usesf What surface has a fluid at rest! Why} 
What it a leyel surface f 
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of the earth. If a straigbt line were to be drawn toncbiDg tbe 
ocean when at rest, tbe water, at tbe distance of one mile from 
the point of contact, would be about 8 incbes below tbe line ; 
at two miles, y<n«r times 8 in. =32 in. ; at three miles, fune times 
8 in. =72 in., d?c. ; tbe depression varying as tbe square of tbe 
distimce. On a larger planet, it is obvious tbe depression would 
be less, and on a smaller planet, ^t would be greater. 

\S\. Leveling instruments. — ^Tbece are many ways of deter- 
mining wben a line is level ; but tbe most convenient and ac- 
curate metbods depend on tbe tendency of a liquid to rest only 
wben its surface is level. Tbus 
(Fig. 74), tbe line joining tbe. 
two distant points P and Q, is 
considered to be level wben it 
is ^ound to be in tbe line witb 
tbe surface of water in tbe tube 
A B, or parallel to it. This is 
determined by taking sigbt 
along A B. Tbe spirit level 
is more delicate, and is there- 
fore used for tbe nicest astrono- 
mical measurements. A small 
tube of glass, nearly filled witb 
colored alcobol, is set in a metallic frame (Fig. 75). Tbe tube 

• Fig. 75. 





is slightly convex upward, and is so adjusted that tbe fran- 

How mach depressed from a plane in ons mile ? Two? Three? Give the 
law. How is a level determined ? On what principle are leveling instru- 
ments generally made ? Describe one kind. A nicer kind. 
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level when the bubble of wr is the tnbe ia at 
the middle of the length. A gradnation on 
the tube ebowa niiiiate deviations, and aids 
in approaching the trne level. 

IAS. All parts of the surface of water 
at rest are level, when the surface is .inter- 
rupted as well aa when continuouB. Thus, in 
the r^urved tube, ABC (Fig. 76), A and C 
are on the same level, however far apart the 
branches may be, and however unequal ia 
size. If anj' number uf tubes and vessels be 
connected ti^tfier, as in Fig. 77, and water 
be poured into one of them, it will rise in all, 
£0 as to keep the surface leveL 



1S3. Pretture as depth. — If a liqiyd is of uiiiforui Uell^ity, 
the presiure on any surface within it varia as the perpendicular 
depth, whatever the form or size of the reservoir. In Fig. 78 
the pressure on P P is equal to the weight of the column of 
water G P, which rests upon that surface. If anywhere on 

Water in ■ recurred tub«. In > vesMl niUi man; brinohea. Haw doM 
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AP a space equal to PP be 
opened and a tube attached, 
water will stand in this tube as 
high as G (Art. 162); there- 
fore there is everywhere on the 
}evel A B. a pressure as great as 
at P Py or the water in the sup- 
posed tube would not be sus- 
tained. It follows, that on every 
^)art of C D there is a downward 
pressure equal to that directly 

beneath the column G P. Thus it appears that the amount of 
pressure on a given surface is not determined by the quantity 
of water in the vessel, but only by the heighi to which the 
water extends. By making the lower part of the reservoir 
A B C D very shallow, and the tube G P very small, the pres- 
sure on the base might be hundreds or thousands of times 
greater than the weight of all the water in the vessel, because 
the pressure is the same as if the sides were raised to £ F, and 
the whole reservoir, E G D F, filled to the height of G. 

1^^. A cask, when filled with water, might be burst by an 
additional pint of water, or less ; for, by screwing a long slender 
pipe into the top of the cask, and filling it with water, the pres- 
sure is easily made greater than the strength of the cask can bear. 
By the hydrostatic bellows (Fig. 79), we can measure the great 
pressures produced by a small quantity of water ; as we have 
only to notice the number of pounds set upon the bellows to 
maintain the column A D. The proposition, that a tmall quan- 



Show that this law is true. How maj a small qnantitj of water produce 
great pressure ? How can a pirU of water burst a cask t How is the piea^ 
sure measured? 
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Hiy of water matf halanee ever 80 grwt a 
weighty is often called the hydrostatic para* 
dox • bat it is no more paradoxical, than the 
statement that by means of a lever, or- any 
other machine, a small weight may balance 
one ever so large. 

ISS, En^neers find that a dam or bank, 
to sustain a narrow channel of water, must be 
bnilt as strong as if to bear the pressure of a 
pond or lake of the same depth; and thalT^ 
aqueduct pipes must have increased strength, 
as they desflend to greater depths from the 
source. 

ISO. Estimation of pressurea, — One cubic 
foot of water weighs 1,000 ounces, or 62| 
pounds. Therefore, the pressure on one square foot^ at the 
depth of onefooty is 62^ pounds. And since the pressure varies 
as the depth, we may hence determine the pressure on one 
square foot at any depth, by multiplying the depth in feet by 
62.5. And, to find the pressure on any other area, multiply 
62.5 by the depth, and that product by the area. If the area 
is not horizontal, use the average depth. At the depth of five 
miles the pressure on a square foot equals 5 x 5280 x 62.5= 
1^650,000 pounds. It is even greater than this, first, because 
salt water is heavier than fresh water ; secondly, because water 
is compressible, and therefore a little more dense as the depth 
increases. A cubic foot of sea-water weighs 64.37 pounds. 
ltS7« Loss of weight in water. — When a body is immersed 




The hydrottatie paradox^ what is said of it? !What strength is required to 
lustain the wall of a narrow channel fall of water ? The weight of one cu- 
bic foot of water? What surface at what depth sustains it? Show how to 
calcalate pressure in all cases. Pressure in salt water compared -with fresh. 
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in water, the lateral pressures balance each other, becanae the 
sides are at the same depth ; but the downward pressure can- 
not balance the upward, because exerted at different depths. It 
is the excess of upward above downward pressure which consti- 
tutes the buoyant power of a fluid. 

158. The loss of weight of an immersed body eqnals the 
weight of displaced water. For, before the body was immersed, 
the water occupying the same space was exactly supported by 
the excess of upward oyer the downward pressure. And after 
the body is immersed, the same difference of pressures must 
support so much of its weight as- is equal to the weight of 
water displaced. 

159. Equilibrium of floating bodies, — A body of the same 
density as water, remains wherever it is placed beneath the sup- 
face, because the loss just equals its whole weight. But if it is 
less dense than water, the loss exceeds its weight, and it is pres- 
sed partly above the surface, and there floats. A body floats, 
when it is sunk deep enoitgh to displace its own weight of water. 
For the water, before being displaced, was just supported by 
the upward pressure beneath it ; and the same pressure is now 
able to support a body of equal weight 

1 60. That a floating body may have a stable equilibrium, 
the center of 'gravity of the body must be in the lowest possible 
situation compared with the center of the displaced water, and in 
the same vertical line with it. Thus, a plank will not float on 
end, or on its edge, but on its side, because in the last position 
its center of gravity is lower, compared with the center of dis- 

How is the weight of an immersed bodj affected ? Why? What causes 
buoyant power in a flaid ? How much weight does a body lose in water ? 
Why? If a body just as dense as water is immersed, how will it move? 
Less dense? When will a body float! Why ? When la a floating body in 
ttable equilibrwm t Examples. 
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placed water, than in either of the others. And, nntess the two 
centers were in the same Tertical line, the weipht and the upward 
preiture would not exactly oppose each other, and the bodj 
wonld roll. It is often necessary to ballast ships, that is, to 
place stones or iron in the lowest port, in order to render their 
eqailibriam snfficiently stable. A life-preserver for a person's 
body should be attached at or aboi/t tbe waist, so as to tcep the 
head above water. 

Iftl. Since pressnres on a snrface vary as the depth 
alone, a body may float in a very small quantity of water by 
being in a reservoir idightly larger than itself. Thas, a ship is 
floated by a few hogsheads of water 
in a dock whose form is adapted to it 
(Fig. 80). In encb a case, the phrase 
" displaced water," obviously means 
the water 'which would be sufficient 
to fill the space occupied by tiie im- 
mersed part of the body. 

1 6S. A body of the heaviest ma- 
terials can float, If ^ts form is such as 
to exclude the water from its upper 
surface, till it sinks deep enongb to 
displace ita weight of water. Ships are built of iron, and their 
whole cargo may be specifically heavier than water, and yet 
they float in safety so long as the water is excluded from the 
deck. 

103. Specific gravity. — Tha tpeeific ffraviti/ of a body is 
its weight compared with that of some standard.. Water is 

WhriaidliiMluaedinsBhipl How should 
How totj substsnoes hesrier tbaa wster float 

■tup. Defiua tpimjh gramty. 
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used as the standard for solids and liquids, and air for gases. 
The number 1 being used to express the weight of a certain 
volume of water, if another substance of the same volume is 
found to weigh 4| times as much, then 4.5 is the specific grav- 
ity of that substance. The specific gravity of any substance is 
found by dividing its weight by the weight of the same volume 
of water. 

164. Specific gravity by the baJr 
ance, — 1. If a solid is heavier than 
water, divide its weight by its loss of 
weight in water, (Fig. 81.) For its 
loss of weight is eqyal to the weight 
of the same volume of water (Art. 
158). 

2. If the body is lighter than wa- 
ter, it may be attached to a heavier 
body already weighed in water. It 
now loses all its own weight and occa- 
sions some loss in the heavy body. Its own weight, plus the 
loss in the other body, equals the weight of the displaced wa- 
ter. Therefore, divide the weight of the body, by its weight added 
to the loss it occasions to a heavier body previously balanced in 
water. 

3. For a liquid, weigh equal volumes of the liquid and of wa^ 
ter, and divide the former by the latter ; or, weigh a heavy body 
in each, and divide the loss in the given liquid by the loss in water. 

109. Specific gravity by the hydrometer, — In commerce 
and the arts, it is more convenient to use instruments specially 




What is the standard in different cases ? What number is used for the 
standard? Gi^e an example of specific gravitj. Shovr how to find specific 
gravity by the lalance. Arst case. Second case. Third case. What method 
is preferred to this ? What is a hydrcmttir t 
5* 
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contmed for obtaining specific gravity. These are called in 
general, hydrometers ; but other names are given to sach as 
are limited to particular uses ; as, for example, the alcohometery 

for testing the purity of alcohol ; the lactome- 
ter, for milk, dsc. Fig. 82 is a frequent form, 
used for finding the specific gravity of liquids. 
It consists of a hollow ball with, a long, slen- 
der stem ; and since it will sink nntil it has 
displaced a quantity of liquid equal in weight 
to itself, it will, of course, sink deeper, as the 
liquid is lighter. The graduation on the stem 
indicates the specific gravity of a liquid, by the 
mark to which it sinks. 

1 ••• Tables of specific gravity. -•^The heavi- 
est substance known is the metal platinum, 
whose specific gravity is 22 ; the lightest is the 
gas hydrogen, whose specific gravity compared 
with water is only 89 one-millionths. There- 
fore, the ratio of the lightest to the heaviest is 
about 1 : 247,000, and between these limits 
the specific gravities of all known substances 
are ranged. The following table presents a few 
from among solids and liquids. 

Platinum 22.00 Iron 7.78 

Gold 19.25 Zinc 7:00 

Mercury 15.58 Diamond 3.53 

Lead 11.35 White marble 2.84 

SUver 10.47 Glass 2.49 

Copper.*! 8.90 Ivory 1.92 




Describe the hydrometer for liquids, and its use. What is the Keaviut 
substance? The Ugktestf Give the specific gravity of each. The ratio of 
their gravities. State the specific gravities of some common substancea. 
Classii^ some of them. Metals, gems, ka. 
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Solplinric acid 1.84 

Lignum yitse 1.34 OliTe oQ €l91 

Milk 1.03 VanakxhbL 0.t3 

Sea-water L03 Ether «lT1 

Pure water... LOO OoA IIL24 

The common metals range from ttoSl. 

The predouB gems " 3lo 4. 

The rocky substances " Sto 3L 

The adds " 0.7 to Lf 

TheoflS " 0.9to L 

Thewoods "« 0.24tD 134 

1 07. The Imman body, with the langs inibtod, is a little 
lighter than water. Rocks and stones, being genenll j a little 
more than twice as heavy as water, lose near half their weig^ 
when in water, and therefore are handled with &r more eaae 
there than in air. 

168. The magnitude of an irr^olar body is accorately ob- 
tained by finding its loss of weight in water. For this loss is 
the weight of the same bnik of water ; and since we know that 
1,000 ounces of water are contained in one cnbic foot (=: 1,728 
inches), we readily find the number of cuhie inches in the weight 
of the displaced water ; and this is the magnitude of the body. 

109. QueBtions for practice, 

1. The bottom of a reservoir is 17 ft. square, and the depth 
of water in it is 21 ft.; what is the pressure on the bottom I 

Ans. 379,312.5 Iba. 

2. The perpendicular side of a cistern fiill of water is 16 ft. 
wide, and 12 ft. high ; what pressure is there against that side! 

Ans. 72,000 lbi£ 
8. A mineral weighs 060 grains in air, and 739 in water; 
what is its specific gravity ? Ans. 4.343. 

The human hody. Lifting rocks under water. What easy way of finding 
the magnitude of an irregular hody f 
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4. An irregnlar fragment of stone loses 5,346 onnces when 
weighed in water; how large is it? Am, 9,238 cab. in. 



CHAPTER n. 
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170. Hydraulics, or' the science of tlie motion of^liquidSj 
discusses such topics as, the discharge of water from orifices ; its' 
flow in pipes and canals ; its use as a motive power ; its undula- 
tion in waves ; and the resistance which it opposes to the mo- 
tion of solid bodies. 

lyi. Velocity of discJiarye, — If water is drawn from an 
aperture in a reservoir, the velocity, and therefore the quantity 
of discharge, varies as the square root of the depth. So that, if 
water is taken from an orifice two feet from the surface, and it 
is required to draw it off three times as fast, an orifice of the 
same size must be made at nine times the depth, that is, eighteen 
feet. 

1 73. It is in consequence of this law, that if the discharged 
stream is projected upward, it would rise as high as the surface 
in the reservoir, were it not for obstructions arising from friction 
and resistance of the air. The jets in city water-works are 
usually sustained by the hydrostatic pressure from a reservoir in 
which the water level is higher than the jet. 

Define hydraulies. What subjects are discussed under it? How does the 
▼docitj of discharge yarj ? Give an example. How high can a projected 
stream rise ? Does it rise so high in fact I Why not ? 
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173. Artaian viclU are wells bored into tbe earth, tiD a. 
spiiag is reached from which water is thrown to the snrface. 
From some sach welb, the jet rises 50 or 100 feet ipto the air. 
The force, in the^e cases, is the hydrostatic presaure of water in 
monntains, often far distant 

174. Since the velocity of a falling body varies ns, the 
sqQare root of the distantfe, it is in theory immaterial, whether 
water is taken upon a wheel from a gat^ at the same level, or 
allowed to fall npon it &om the top of the reservoir. In prac- 
tice, however, the former is best, on account of the -resistance 
which water meets with in ^ling through the air. 

175. Deteent of gur/ace. — When water is discharged from 
the bottom of a vessel, whose size is the same from top to bot^ 
torn, the snrface descends with a uni/ortnli/ retarded motion, 
because of the law already mentioned, that the velocity varies 
as the square root of the depth. And if such a vessel empty 
itself, one-balf as much water will bo dischaiged as there would 
be in the same time, the vessel being kept full ; because, in the 
latter case, the greatest velocity is preserved uniform daring the 
whole time. 

176. CoTulition of orifice.— Th^ quantity 
diachai^d at a ^ven depth below the surface ^' 
depends on some other circumstances, besides the 

size of aperture. ■ If the orifices in figures 83, 84, 
and 85, be of the same size and at the same 
depth, still the water dischai^ed in a given 
time is not the same. The dotted lines show 



Describe the srtesiui well. What force raisea the watarf In wbat tva 
wBja may waMr be lateD upon a whtel T Which ia best in tteory/ Inprac- 
tice? Whyl How does a Burface deEMnd when water is d^awn off from a 
priamatic •easel T Compare the qnaatit; nben it la emptied and whea kept 
full. What drounutaDcea beaidea depK affect the rate of dischsrKe I 
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how the particles converge towards the apertare. In Vig. S3, 
the; conttnae to converge a little beyond the point of discharge, 
and thns diminish the stream. In this case, where there is a 
simple aperture through the thin wall of IIk vessel, there is 
about lti>ty4kird» of the calculated discbarge. Bat if the wall of 
the vessel ia cnrved in the same form as the lines 
of the particles down to the narrowest part of 
the stream, as in Fig. 84, the discharge will ver; 
nearly equal that whieh is obtuued by calcula- 
tion. But if the inner surface curves aa in Fig. 
85, so as to form a pipe directed inward, there 
19 only abont half as much discharged as calcula- 

RrBS. 177. Agueduets. — As has just been stated, 

a short pipe, conformed to the shape of the 
stream, very mnch increases the rate of dis- 
cbarge; but any considerable length of pipe 
diminisbee the flow in proportion as the pipe is 
longer. The water is supposed to be hindered ' 
by friction on the sides of the pipe. Therefore, 
the longer an aqueduct pipe is, the laiger it must be, or else the 
higher the lerel in the reservoir, in order to convey the same 
quantity of water. 

178> An aqueduct shonid be as nearly straight as possible, 
not only to avoid unnecessary length, but because the force of 
the current is diminished by. all changes of direction. If there 
must be change, it should be by a gentle curve, and not by an 
angle. Velocity is lost also by enlaigement and diminution in 
the size of the pipe. 

■ long pipe f 
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179* Jiivert. — Friction and change of direction have grea* 
influence on the flow of rivers. Were it not for existing obstruo 
tious, the water, in ita descent on an inclined plane, would bo 
constantly aeederated. But after a certiun velocity b acquired, 
the lerce of gravity, which ui^es its descent, and the impedi- 
ments which tend to stop it,, neutralize each other, and the mi>- 
tion is nearly nniform. The largest rivers in the worid descend' 
abont five or six inches in a mile. 

180, Hydraalie Iitstmments. — Some hydraulic instru- 
ments are for the purpose of rising water, and others for mov- 
ing machinery by the force of water. 

181. The lifting-ptinip (Fig. 86) consbts of 
8 tube, in which is a valve V, bulow the level of 

. the water, and opening upward. The piston F, 
is below V, and has a valve in it also opening 
upward. The piston is moved up and down by 
a frame F F, which is worked by a lever and rod 
on the outside of the pump, not represented in 
the figure. The water, by its own pressure, rises 
through the valves to the same level as on the 
-outnide. When the piston is lifted, it pushes the 
water before it through V, which secures it while 
the piston descends ; and on rising again, the pis- 
ton pushes still more, and so on, till the water * 
reaches the spont. 

1 83. The eliaia-pwmp consists of an endless chain with cir- 
cular disks attached to it at intervals of a few inches, which 
raise the water before them in a tabe, by means of a wheel, 

Whit circunutlaacea aSect the Bav ol riotrir What unmU be the motion 
otberniBGT When wUl the motion become uDiform I Wbit ig the deuwnt 
in the l&rgeet riTers) Uj'draulic inBtrumenta are for what pnrpDoel De- 
wnbe the U/liitg-pim.p. The chain-pump. 
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over which the chain passes ; the wheel may he turned hj a 
crauL The disks cannot fit closely in the tube without causing 
resistance ; hence the water will soon descend to the level in 
the well, after the pump ceases working, and a certain velocity 
is requisite in order to raise it to the place of discharge. • 
Most pumps employ atmospheric pressure in their operation, 

m 

and will be described among pneumatic instruments. 

188. The Ay- 

^* * • draulic ram. — Fig. 

Si shows the essen- 
tial parts of this in- 
strument, which is 
used to raise water 
by the force of water, 
P is a long descend- 
ing pipe, containing at the lower end a valve, V, which opens 
downward. As the water pours out at V, its velocity increases 
uutil the momentum becomes sufficient to raise the valve, and 
close the pipe. As water is nearly incompressible (Art. 143), 
the shock of the whple moving column comes in one sudden 
impulse, and pushes open the valve v, rushes into the air-cham- 
ber A^ and up the pipe T. When the momentum is expended, 
the valve V drops by its weight, and the current begins to run 
out once more, till the same effect is repeated. A part of the 
water may in this way be raised many feet above the level of 
the reservoir, while the other part runs to waste. 

1 84. Vertical water-wheels, — These are of three kinds, over^ 
shotj undershot, and breast-wheel. 



Why may the disks not fit the tube closely f By what agency is water raised 
in the use of the hydraulic ramt Describe the instrument. How many, 
and what kind^ of verUcal water-wheels ! 
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ITie overshot wheel {Fig. 
'^8) has tuckets oq its cir- ** " 

cumfereDce, which receive 
the water just after pa-ssiog 
the highest point, aad 
enipty tbemaelves at the 
bottom. The weight of 
the' full buckets on one 
aide, while those on the 
other side are empty, gives 
motion to the wheel. This 
kind of wheel can be used 
-when the quantity Is email, 
provided the fall is couaidcrable, so as to give n 
of large size. * 

18A. The urtdersTtot wheel (Fig. 
89) b earned by the momeotum of 
running water, which strikes the pad- 
dles of the wheel on the under side. 
It is used in sicuatioos where the 
quantity of water is large, but the fall 
!£ small 

186. The breast-wheel (Fig. 90) 
is carried partly by the weight, and 
partly by the momentum of the water, which is received on the 
floats of the wheel at the height of the axis, and confined be- 
tween them by the masonry of the wat^r-course. 

1S7. 2^ (arJine.—This is a horizontal wheel, now much 



n for a wheel 




•cribs tba turMw. 
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naed, and rery efiective. Fig. 91 is a 
horuontal sectioQ of tie wheel &nd re- 
servoir. B B is a cylindrical reseiroir 
of Bnch he^ht as to coataio the re- 
qnired depth of w&ter. The cnrre lines 
in it represent partitions occapyiDg the 
lower part, and giving an obliqae direc* 
tion to the water as it issaes. The ori- 
fices of dischsige are around the sides 
of the reservoir, close to the bottom, and the wheel A enrronnds 
thene openings ; the floats of the wheel are carved iii a direction 
opposite to that of the partitions, so that the streams strike them 
perpendicularly. The wheel is closed on the upper and onter 
sides, bat open anderaeath, and thus the water falls as soon as 
it has produced its impulse. The spokes of the wheel pass un- 
der the reservoir to the axis C, which rests in a socket on the 
groDnd, and passes np through an open tube in the center of 
the reservoir. As the reservoir can have no support at the hot- 
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ton), it is suspended by a strong flange near the top, npon the 
masonry which surrounds the wheeL 

188. Barker' 9 miZ/.— This 
machine operates by means of un- 
balanced pressure/ A B (Fig. 92) 
is a hollow cylinder movable about 
a vertical axis .M N. P P' is an- 
other cylinder connected with the 
foimer at right angles near the 
bottom. Near the extremities are 
the openings P and P', one to- 
wards the observer, the other on 

the opposite side. The cylinders are kept full of water by 
the pipe O ; and as the water flows from P and P', the un- 
balanced pressure on the sides of the cylinder opposite to these 
openings, acts on the arms P B, P' B, tending to cause revolu- 
tion about M N. This contrivance is advantageously used to 
carry machinery. 




CHAPTER IIL 



«AFILLABITT, RESISTANCB OF IXUIDS, — ^WAVXS. 

189. Adhesion. — All liquids show more or less attraction 
among their particles. It is this force which causes them to as- 
sume the spherical fdrm when in small masses, as rain-drops in 
the air, and dew-drops on a spider's web, and mercury when ly- 



Describe Barker's milL What is the force employed I When does a liquid 
aMomfi a apkarieal form, amd why ! 
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Tag on alinost any snbstance. Bat there is abo a tendency in 
liquids to adhere to other bodies with more or less force. In 
the case of water, it appears in the fact, that it wets most snb- 
stancef which it touches ; that is, a thin film of the water 'at- 
taches itself to them. It also rises above its level about most 
substances, forming a curve concave upward, as, for example, 
against the glass in 4 tumbler. But the attraction among the 
particles of mercury is so strong that it draws away from 
glass, and is rounded on the edge, when standing in a glass 
vessel. 

190* Capiilary action, — This name* is given to the effect 
which Jine tubes produce in raising or depressing liquids within 
them. Whenever a Hquid wets a solid, it will rise above its 
level in a fine tube made of that solid ; as is the case with water 
and glass. But when a liquid has so strong attraction among 
its own particles that it will not wet a substance, then it will be 
depressed in a tube of that substance ; thus, mercury will not 
spread itself in a film over the surface of glass, as water does, 
and it is de^essed in a fine glass tube, while water is raised. 

The finer the tube, the greater is the elevation or depression 
of a given liquid, the distance in each case varying inversely as 
the diameter of the bore. 

The height to which a liquid is raised does not depend on its 
weight; for alcohol, though lighter than water, is not raised 
half so high in glass. 

Between parallel plateSy a liquid rises half as high as in a tube 
of the same diameter. If the plates are inclined to a vertical 



Compare the attraction between the particles of water ^ and their attraction^ 
for other substances. Give the proofs. Case of wetting. Bising in vessels. 
Make a like comparison for mercury . Capillary action, what is it ? When 
ritet When detoendf How does height vary? Is the weight of the liquid 
concerned f Capillarity in case of plates, paraUel f also iiuiiined f 
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edgty tlie top of the liquid is a curve concave upward, of the 
form called a hyperbola, 

191. It is by capillary action that a part of the water which 
falls on the earth is kept near its sur&ce, instead of all sinking 
to the lowest strata of the soil. This force aids the ascent of 
sap in the pores of plants. It lifts oil between the fibres of 
the lamp-wick to the place of combustion. Cloth readily im- 
bibes moisture by its numerous capillary spaces, so that it can 
be used for wiping things dry. If paper is unsized, it also im- 
bibes moisture quickly, and can be employed as blotting-paper^ 
but when the pores of paper are filled with sizing, to fit it for 
writing, it absorbs moisture only in a slight degree, and the ink 
which is applied to it in writing must dry by evaporation. 

193. Resistance to motion in a fluid. — ^The resistance which 
a body encounters in moving through any fluid, arises from the 
inertia of the particles of the fluid, their want of perfect mobili- 
ty amgng each other, and friction. No definite calculation can 
be made, except for the first of these. So far as inertia alone 
is concerned, resistance varies as the square of the velocity. So 
that, if a body moves in a medium with twice the velocity of 
another similar body, it is resisted /our times as much; if five 
times as fast, it meets twenty-five times the resistance, and so on. 

193. This result of calculation is confirmed by observation 
in the case of moderate velocities, as in the motion of boats in 
water. But in very swift motions, like that of a cannon-ball in 
the air, the resistance increases at a much faster rate. 

The resistance in water is great, with any velocity, because 
of its density. This is seen in the fact that a wind, which 



Examples of capillary action : earth, lamp, cloth, paper. Name the cauaea 
of resistance to motion in a medium. How does resistance vary ? Illustrate, 
When is this law most nearly true ? Show (hat the resistance in water is 
always great. 
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mores sizt^ miles an hoar, will not drive a sidl-vessel more than 
twelve or fourteen miles per hour. And, since the resistance 
increases hj a rapid law, grreai speed in steamships cannot be 
attained, except • by a wasteful expenditure of force. The re- 
sistance of air is vastly less than that of water, and the princi- 
pal obstruction on railroads arises, not from the resistance of 
the air, but from the friction of the rails. 

194. When a body falls through the air, its motion, instead 
of being uniformly accelerated^ as it would be in a vacuum 
(Art 56), at length becomes uniform^ owing to the fact, that 
with the increase of velocity, the resistance increases so much 
fiister, as finally to equal the force of gravity ; it is then like a 
moving body not acted on by any force, and therefore main- 
tains a uniform motion. Atwood*s machine (Art. 63) owes its 
utility in part to the law now considered ; for if the bar falls 
ten times slower than in free fall, it Js 100 times less obstructed, 
and the resistance becomes insensible. . 

19«S. Waves, — ^Waves are moving elevations of water, pro- 
duced by a force which acts unequally on the surface. If a 
stone is thrown upon water, it depresses the surface and crowds 
up the surrounding water in a ring above the level ; as this 
sinks, it acquires a momentum, which carries it below the level, 
and this causes the next portion to rise above the level. Thus 
a circular wave is continually spreading from the center where 
* the stone fell. But this is not the whole effect ; for after the 
elevated ring has descended below the level, it returns again 
with a momentum which once more carries it as far above. So 
that, at every point, the wave is continually renewing itself, and 

What is the principal obstruction on railroads I Is a body wviformly 
accelerated in falling through the airl "Why? What motion is finally 
acquired? What circumstance renders Atwood's machine useful! What 
are wayes t State, how a stone causes them. 
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* * 

the water is covered with a system of circular waves, expanding 
outward more and more. As they increase their distance from 
the center, they become lower, and at length are too slight to 
be seen. 

190. The length of a wave is the distance from one summit 
to the next, measured in the direction in which the wave moves. 
The corresponding parts of different waves are called like 
phases ; as, for instance, the summits of two waves are like 
phases. And opposite phases are those parts in which the motions 
of the water at any instant are in contrary directions ; thus, a 
point half way down the front of a wave, and another half way 
up the rear of the next wave, are opposite phases. The distance 
between like phases is one, two, or more, whole wave lengths ; 
the distance between opposite phases, is a half, or some nnmbei 
of wave lengths and a half. 

197. The progressive motion of water an illusion. — ^If what 
has just been stated is true, then, though the waves move along 
the surface, yet the water itself does not, but only rises and fallf 
in its place. As new portions of the water rise in regular suc- 
cession to the same height, and then sink again, the eye cannot 
distinguish this succession from the onward movement of the 
same mass of water. When waves are running over the water, 
a block of wood rises and falls without being borne along; 
whereas, if the water itself was advancing, the block must ad- 
vance with it. So, when a ship is between two waves, one of 
them preseptly passes under and elevates it, instead of carrying 
it along between them. On a beach, however, where the 
columns do not find room to descend, the water is' driven 

How does the height change Id the larger circles ? What is the Unffth of a 
ware ? What are Uk« phases ? Opposite phases ? How far apart in each 
ease ? Explain the appearance of progressive motioit of the water. Show 
that it i» not real. Is it so on a beach I 
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* • 

forward upon the shore, and the character of the waves is 
changed. 

198. SeorHfaves, — These are produced by the wind, which 
acts by fiiciion on the surface of smooth water, raising a ridge, 
which by its weight sinks and commences a series of oscilla- 
tions, which are propagated onward in the manner already de- 
scribed. And so long as the wind continues, its action is re- 
peated on every wave as it rises, so that the height is increased. 
The water is rarely disturbed as much as twenty feet below the 
levd. But if the trough between two waves were twenty feet 
deep, the height of the waves (from trough to summit) would be 
forty or fifty feet high. 

199. Compound systems of toaves. — ^It is rare that a sys- 
tem of sea-waves exists alone ; there are usually two or more 
systems combined. It is frequently observed that in sea- 
waves there is a succession of higher, and then lower waves, 
with some degree of regularity. This is owing to the co-exist- 
ence of two systems of waves of dififerent lengths on the same 
surface. Where the phases of one system coincide with the 
like phases of the other, there are high waves ; and where they 
coincide with the opposite phases of the other, there are low 
waves, or possibly no waves at all. By careful experiment it is 
possible to show that two systems of waves may totally destroy 
each other. This happens when the waves of the two systems 
are of exactly the same length and height, and one system is 
half a wave length in advance of the other, so that opposite 
phases coincide. For the summits of each system fall in with 
the basins of the other system, and thus they neutralize each 

How are Mo^wates produced I How deep is the water distarbed ? How 
high would wayes be? Does one system of waves commonlj' exist alone! 
What is the effect ? Where do the ki^h waves occur f The Uno ones? 
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mSbBt^ |ireidMi^ leT«l witer. When two y*AAA^ «f4 *J^*'^\ ^^ 
£151 ^oEtn; aft a Uttle distanoo from eacb '/>m^, .>>« ^/ >l^% 
^(xv^s a»dabo lines of level water, may W Ui^A4 ^'.^k ^/ ^^ 
t«n{> sTsteDBs of ring^ The variomi reiNihafti 4^^^ *4 ^^"^ --'^ 
sTStai» of wares are called interfennu 'A ihw*^. 



Siaie die dfect of Udo pebbles tbrotrn «» v«l4rr V «^m# 
? What is imUrftrMM of ir»r«e f 
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.CHAPTER L 

HEOHANIOAL PBOPSBTIES OF AIB. 

SOO. QcLses and vapors. — ^Tbe compressible fluids are usu- 
ally subdivided into two classes, gases and vapors. Those wLich 
can be readily reduced to the liquid or solid forms, are called va- 
porSj and the others are called gases. Thus, steam is the vapor 
of water. The air is a gas, having never been reduced to any 
other than a gaseous form ; carbonic add is also called a gas, 
though it can with difficulty be reduced both to a liquid and a 
solid form. 

Among the particles of a gaseous body there is a mutual re- 
pelUncy^ which causes H to expand as fast as the compressing 
force is removed. 

901, The air materiaL — The air has the common proper- 
ties of matter. It obviously has extension. It is also impenetra- 
ble ; for, though very compressible, it always occupies space 
from which it excludes all other matter. That it has weight is 
ascertained by weighing a vessel when full of air, and again when 
empty. It shows its inertia in the strength of wind, which is 
air in motion, and in resisting the motions of other bodies 
through the air. Air is also visible when we look through a 
great extent of it ; we see its true color in the azure of the sky. 

• 

/ How are the compressible fluids divided ? ^' State the difference between a 
g<u and a vapor. Examples. . How do the particles of a gaseous body affect 
each other? ;^ Show that air is material. How is it weighed f What is its 
color? 
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S03. Tension of the air. — ^The expansiye force of a gaae- 
uJs body is called its tension. If the temperatore remains the 
same, this force becomes more feeble as the gas is expanded, 
and more powerful as it is compressed, according to a very sim- 
ple law, namely : the tension varies inversely as the volume. 
Thus, at a given temperature, if a cubic foot of air is expanded 
to two feet, it has only half as much tension ; if it is enlarged 
to ten feet, its tension is one-tenth as great. On the other hand, 
if air is compressed to one-half its former volume, its tension 
becomes tvnce as great as before, and if to one-third, three times 
as greats and so on. Since the tension must always equal 
the compressing force, it follows that the volume is inversely as 
the compressing force. This is known as Mariettas law^ from 
the name of the discoverer. 

203 • The diving-hell, — Mariotte^s law is well illustrated by 
the diving-bell, a very useful invention, employed either for la- 
boring or exploring under water. It is a large iron box, which 
is let into the water with the open side downward, by a tackle 
of pulleys. When it first enters the water, it is full of air of the 
common tension. But after descending about thirty-four feet, 
it is only half full of air. It is known that at the depth of thir- 
ty-four feet the pressure of water is equal to the weight of the 
atmosphere. Therefore, when thirty-four feet deep, the air of 
the diving-bell is subjected to a pressure of two atmospheres, 
the weight of the water and of the air above it. Thus, under 
twice the pressure, the air occupies half the space. At the depth 
of sixty-eight feet the compressing force is equal to three atmo- 
spheres,- and the air fills only one-third of the bell. Since the 

J Define ^Mion.^cnGive Mariotte's law. Illustrate it. Describe the dmng- 
bell, and state bow it proves Mariotte's law. What depth of water is equal 
to the weight of the airt 
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diving-bell fills up vfiih. water in this manner, it is necessary to 
force down air throngh hose by a condenser, and also for the 
purpose of supplying pure air, while the impure is let off by a 
stopcock. 

304. The air-pump. — ^This instrnment, which is indispen- 
sable in pneumatic experiments, is used for removing the air 

from a receiver. It has a great va- 
riety of forms ; but the following, 
general description will apply to 
them all. B (Fig. 93) is a cylin- 
drical barrel in which the piston P 
works air-tight by means of the rod 
E. In some pumps the piston-rod 
is raised and depressed by a lever, 
in others by a rack and pinion. 
From the bottom of the barrel, a 
pipe V C passes to the pump-plate^ 
on which stands the glass receiver R. The plate and receiver 
are both ground to a perfect plane, so as^ to fit with an air-tight 
joint. That end of the pipe which connects with the barrel is 
covered with a valve V ; in the piston is also a valve V ; and in 
some pumps there is a third V" at the top, all of which open 
upward, that is, /roTW. the receiver toward the open air. .G and 
M are the pipe and cistern of the gauge (to be described here- 
after), intended to show how far the exhaustion has proceeded. 
ftOS. operation of the air-pump. — Suppose the piston to 
be at the top of the barrel. When it is pressed down, the air 
below it cannot be pushed into the receiver, because the lower 
valve is shut by the pressure ; it therefore presses open the 



th* 



How is the diying-beU kept fuU of air? Describe the essential parts of 
the air-pump. What is its use ? State how it operates. 
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ralve in the piston and escapes into the upper part of the barrcL 
When the piston is raised, the air above it cannot ret am, but is * 
crowded through the valve at the top into the open air ; and at 
the same time the air in the receiver and pipe, by its tension, 
opens the lower valve, and is equally diffused through both re- 
ceiver and barrel. Thus, one barrel full of the air, which was 
at first in the receiver and barrel, has been removed into the at- 
mosphere ; and what is left occupies the same space as the 
whole did before. If the piston is once more depressed and 
raised, the same operation is repeated ; and after several strokes, 
more or less, according to the size of the receiver, the air is 
nearly all removed. Many pumps have two barrels, the piston 
of one ascending while that in the other descends. 

206. The plan of the instrument implies that air always 
tends to expand, so as to occupy the vacant space to which it 
has access ; else it would not pass from the receiver into the 
barrel every time the piston is raised. 

The air-pump cannot produce a perfect vojcuum, because only 
that fraction which is in the barrel can at any stroke be taken 
out; but, with a good pump, so near an approach to a vacuum 
<»n be made, as to answer every purpose of experiment. 

By means of the air-pump, a great variety of experiments 
can be performed, to prove the pressure, weight, and tension of 
the air, and to illustrate these and other properties in many 
ways. 

307, The Magdeburg hemispheres. — ^Among the earliest 
pneumatic experiments performed after the invention of the 
air-pump, was that of the Msigdeburg hemispheres, so named 

When the piston descends. When it ascends. What property of air is 
illastrated in the operation I Can the vacaum be complete ? Why ? What 
properties are proved bj the pampi ' Describe the Magdsburg hemispheres. 
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* from -the city where the experinient was first 

^ devised. They consist of two brass hemi- 

spheres (Fig. 94), which are fitted together 
with an air-tight joint ; the air is exhausted 
from them by the pump, and then force is 
applied by the handles to pull them apart. 
A pair oi four inches in diameter requires 
the weight of a heavy man to separate them. 
They illustrate the pressure of the atmos- 
phere exerted in all directions. 

SO 8. Buoyant power of air, — It is true of air as well as of 
water, that it exerts a buoyant power on every thing in it, by 
the excess of the upward over the downward pressure. It is 
shown by the air-pump, that a body weighs more in a vacuum 
than in the air. This is more apparent in the case of a body 
having considerable bulk, since the loss always equals the weight 
of displaced air.* Hence, if a large and a small body balance 
each other in the air, the large one will preponderate in an ex- 
hausted receiver, being really the heavier body. This buoy- 
ant power will cause a body which is specifically lighter than 
air, to ascend. A balloon, filled with hydrogen, may be made 
so light as to ascend, even when loaded with the weight of a 
car containing a number of persons. 

309. The air-condenser. — ^While the air-pump shows the 
tendency of air to dilate without limit, as the compressing 
force of the air is removed, the air-condenser exhibits thp in- 
definite compressibility of air. The pump would be changed to 
a condenser by reversing all its valves, and confining the re- 

What force will separate a pair fonr inches in diameter ? What do thej 
8how?;0^ow much weii^ht does a body lose in air? If a large and a small 
body balance in air, will they in a vacuum ? Why ? Why does a balloon 
Mcend ? \ What property of air is shown by the condenser? 
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ceiver to the plate by a strong frame. Let 
R (FTg, 96) represent a strong metallic re- 
ceiver, into tbe top of which is screwed the 
barrel of tbe coadeoscr. At the bottom of 
the barrel is tbe valve V, opening downward ; 
there is another in tbe piston opening down- 
ward (not represented), while a small open- 
ing E admits the external air to the top of 
the barrel. While the piston la raised, the 
air above it passes through the piston-valve 
into the lower part by atmospheric pressure. 
"When it is depressed, its valve shuts, and it 
crowds the air before it into tbe receiver; 
and in tbe mean time, the outer air fills the 
barrel by pressing tbrongh K When the 
piston is lifted again, the compressed air in 
R shots the valve V by its tension, and the operation is repeat- 
ed. The figure represents a small instrument with a solid pis- 
ton ; for in such a case, the weight of the air can be lifted, till 
the piston is above the aperture through which the tir enters. 

3IO. The air thus condensed in the receiver can be made 
to exhibit its increased tension in many ways ; one of these is 
by throwing a jet of water with great velocity. Let the re- 
ceiver be partly filled with water, and a jet pipe screwed into 
tbe top, reaching near to tbe bottom ; then, after condensing 
the air, on opening the stopcock D, the water will be thrown 
to a height corresponding to the tension of the compressed air. 

31 1* The barometer. — Thb instrument furnishes a meaiare 
of the atmospheric pressure. A glass tube, three feet long, and 
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closed at one end, ia filled with mercnry and invert- 
ed in a cnp of the same fluid, as in Fig. 96. The 
colamn will sink a little from the top, and then re- 
main at the height of aboat thirty inches above the 
level in the cup. It was ascertained by Torricelli 
of Italy, in 1643, that the mercury is sustained in 
the tube by the pressure of the air. Hence, the 
experiment is known as TorricellVs experiment. The 
space above tha mercury in the top of the tube is 
the most perfect vacuum which can be formed, and 
is called the Torricellian vcLcuum. 

313. The mercury iu the cup could not remain 
level, unless equal weights rested on all the equal 
parts of it ; therefore, the weight of mercury in the 
tube which stands on one part, exactly equals the 
weight of air which rests on every other equal part. 
Thus, by weighing the mercury in the tube above 
the level of that in the cup, and measuring the inter- 
nal area of the end of the tube, we may determine 
the weight of air on a square inch. This is found 
to be 14.7 lbs., varying somewhat at different 
times. 

313, If the foregoing experiment is performed with water 
instead of mercury, it is found necessary to use a tube near 
forty feet long. The height of the column of water above the 
level in the reservoir is about thirty-four feet ; for, since the 
specific gravity of water is 13.58 times less than that of mer- 



Describe the Torricellian experiment. What is the Torricellian vacnum f 
To what is the weight of mercury in the tube equal? What is the weight 
of air on a square inch? How high a tube would be required to perform this 
experiment with water? Why is the water-column so much higher 'than 
mercury t 



MECHANICAL PBOPEBTIES OF AIB. 129 

cmy, it requires a colamn 13.58 times as high to produce the 
same pressure, that is, to balance the weight of the atmosphere. 

314. K a scale of inches and decimals be attached to the 
tube, to show the changes which occur in the height of the 
mercurial column, the apparatus which has been described be« 
comes a barometer, an instrument which is in very general use 
for giving indications with regard to the weather. 

SIS, Changes in the barometer, — At the level of the ocean 
the mercury of the barometer is on an average about thirty 
inches high, in every part of the world. But if it be carried to 
higher places, the column falls as the height is increased. For 
it is only the air above the instrument which holds up the mer- 
cury ; and the quantity above becomes less, the higher it is 
carried. On the tops of the highest mountains, the column is 
shortened several inches ; and a barometer has been carried up 
in a balloon to such an elevation that the mercury fell to twelve 
inches. 

310. Changes in the stationary barometer, — A barometer 
which is stationary, is also continually changing with the hour 
of the day and the state of the weather. The diurnal oscilla- 
tions are small, but in tropical countries they are very regular. 
The mercury is highest from nine to ten o'clock, and lowest 
from three to four, both morning and evening. In the tem- 
perate zones, the changes which are connected with states of 
weather so far exceed the hourly movements, that the latter 
are hardly noticeable. When a storm is coming on, the mer- 

/i^What more is necessary to render the basin and tube of mercury a Jaro- 
meterf Give the average height of the barometer/ State the effect of caxw 
rying the instrument higblr.* Why 9 What other things besides altitude 
cause the barometer to change ? At what hours is the barometer highest? 
Lowest ? Where are these diurnal morements most regular 9 How do storm* 
affect the instroment 1 

6* 
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cnry generally falls, and, as it passes off, the column rises again ; 
and during the year, tbe extent of such changes amounts to 
two or three inches, -while within i;he tropics the annual range is 
only about one-fourth of an inch. 

317. For scientific purposes, great care is used in construct- 
ing a barometer, that air and vapor may be excluded from the 
space above the mercury, and that the scale may give true in- 
dications of atmospheric pressure. To secure the latter, adjust- 
ments have to be made for temperature of the mercury, for 
capillarity, and for changes of level in the cup. Wh^en obser- 
vations made at different places are compared, allowance must 
abo be made for altitude above the ocean. 

318. Gauge of the air-pump. — As the gauge of the air-pump 
is a barometer, it is properly noticed in this connection. Ono 
arrangement is represented in Fig. 93. The graduated tube G 
is thirty-twx) or thirty-three inches long, the upper end opening 
into the receiver, and the lower extending into a cup of mercury, 
to which the external air has access around the tube. Before the 
exhaustion commences, the mercury in the cup aud that in the 

tube are on the same level. But as soon as some air is removed 

« 

from the receiver, the pressure in the tube is diminished, and 
the weight of the external air raises the column, as in the ba- 
rometer tube. If a complete vacuum could be formed, it would 
be indicated by the mercury in the tube standing as high as the 
barometer at the same time. 

There are also other forms of gauge, in which, the tube being 
already filled, the process of exhaustion diminishes pressure in 

the cup, and allows the mercurial column to fall. 

_ _^ 

'Wbereisthe range greatest ?*'^€are necessary in making a barometer? 
Adjustments? ; ^escribe the gauge of the pomp, and its operation. What 
other kind is used I 
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CHAPTER n. 

UROHAinoAL AaBNcna of air aud stkau. 

319. In conseqaence of oar power of forming a Tacniim, 
ftnd of employing the expansive force of air and steam, their aid 
becomes available in many kinds of macbineiy. 

330. The siphon. — This instrament issimply a bent tabe 
for conveying a liquid over the side of a vessel or reservoir to a 
lower level than that within the Tessel. 

Thus, if the bent tube be filled, and then ' 

inverted, as in Fig. 97, the liquid will con- 
tinue to run so long aa the outer end is 
lower than the surface within. This is 
owing te the fact that the atmosphere will 
sustain a column of liquid in a tube. The 
pressure of the tat at the outer end C is suffi- 
cient to support a column of water thirty- 
four feet high, and the pressure, at D, with- 
in the vessel, could also do the same ; but the former pressure 
has to support the column from G to B, while the latter sup- - 
ports only the colnmn D B ; hence there is an excess of atmos- 
pheric force pressing from the inner to the outer extremity, and 
that excess is greater (and therefore the velocity greater) 
according as the height of the outer column is greater than ihai 
of the inner. 

331. It is obviouB from the foregoing explanation that wa- 

//Describe tbe Biphon. Show how tt 
Aiilocity of diichirge depend t What 
n«lhl Wbjt 
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ter will not in this wa^ ascend more than thirtj-four feet, since 
tliat is the limit to which the air can susbua a colmnn of water. 
Water may be taken out of a well or over a hill by a siphon, if 
there ia opportunity to discbarge it at a lower level. But the 
instrument ia principally employed for decanting liquids from 
one cask to another, without disturbing the sediment. 

333. Pneamalu: pumpt. — The pumpa for 
rising water, which are in most common use, 
operate on the principle of fonning a vacuum in s 
pipe, into which water is then raised by atmos- 
pheric pressure. The vacuum may be formed in 
many ways, but most conveniently by the pislon, 
which is therefore generally used. 

333. The suetioTirpump (Fig. 98) has a valve 
V, less than thirty-four feet above the water C, and 
another valve in the piston P, both opening up- 
ward. The piston is usually raised and lowered 
by s lever. When the piston is raised, the air 
resting on it is lifted, and that below, occopyiug a 
larger space than before, loses some of its tension ; 
hence the atmosphere on the outside of the pipe 
presses water into it, till the weight of the water 
and the tension of the air above it ti^ther bal- 
ance the atmosphere. When F degeends, it allows 
the air above V to pass through it; and when lift- 
ed again, the water rises higher for the same i-ea- 
son as before, till at length the water comes above V, and the 
piston dips into it. After that, all the water above the piston is 

I'^The use of the siphon ! "'State the priociple of waler-pumpa. What is 
Ibe aBU*l w*f of foiming (he vacuum Sv^eacrihe the funtiOn-pump. Wbst 
takes pUce ■■ the piBtop rises t As it descends I 
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directly lifted by it, and tbe w]ioIe space below is kept fall by 
the pressure of the external tar. 

SS4. 7%« foreing-pump (Fig. 99) has a valve V exactly 
as in the snction-pnmp. But the pistoa is solid, and the second 
valve V is jnst above tbe lower one, opening outward into a 
side pipe, in which tbe water rises. In the attest of the piston, 
the same effect is produced as already described ; bnt in its dt- 
teent, after the water has once filled the tube above V, it is driv- 
en through V np to the place of discharge. 
Tis.n. 



335. In each of these pumps, tbongb tbe lower valvo mast 
be less than tbirtj-four feet perpendicularly from the water-level, 



bappeos in (be desceDt of the pietoa. Haw di 
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yet after the water is once above this valve, it may be raised to 
any height whatever. 

The same force is required to raise water by a pneumatic 
pump, as by any other means ; for the atmosphere presses up 
only water enough to compensate for the deficiency in the ten- 
sion of air beneath the piston ; and that deficiency is just equal 
to so much or the weight of the air above as is lifted by the 
^ piston. 

S36. The fire-engine. — ^This machine generally consists of 
one or more forcing pumps, though the arrangement of parts is 
exceedingly varied. Fig. 100 illustrates the prinQiples of its 
construction. As the piston P ascends, the water from T is 
• raised through the valve V, by the atmospheric pressure. As 

P descends, the water in A B is driven through V into the air- 
• vessel M, whence, by the tension of the condensed air, it is 
forced out through the' hose L without interruption. The pis- 
ton on the other side operates in the same way by alternate 
movements. The strength of several men may be applied at 
once by hand-bars called brakes^ suitably attached to the lever F. 

337* The air-vessel M is a contrivance often connected with 
pumps and other instruments for moving water ; and has been 
already noticed in the description of the hydraulic ram (Art. 
183). Its i)bject is to cause the stream to flow continually^ 
where the force, acting alone, would discharge it with intermie^ 
eions. As the water is pressed into the air-vessel, it diminishes 
the volume of the air, and thus increases its tension ; and this 
increased tension is a continued force which keeps the water in 
motion during the interruptions of the power. 

Why? How high can the water be raised after passing the piston? How 
much force is necessary to raise water by the piston ?llWhat does the fire- 
engine consist of? Explain its operation. What are the braheif What is 
the use of the air-yessel ? 
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f \ 




1BKL MertPfimmtam. — ^Ihe camAeamxitm. 
JM. 1^ jdr-^voBeL *^om wiiicL tbe wfier is di»- 
cSiacsred, msv }»e produced by i^ wiihx f' 4z 
oo^ms of water, An iliostxKtiaD is «8en in 

nsm of ^wster :&am the iissm A, pieiBs mu> 
tk BF^'SHBel iE, md eandsiaef. tbe air accord- 
ing to tbe biOgbl of A li. From liit- xni* of 
B m fliF-tiibe ccoivfnn: tbe fonse af tbe com- 
prised jor to a ftecond UF^vcsiel C wiiicL is 
nearlj iiill of vsten and liv a let-ii^ rishig 
from it into "die iisan A. ShiRe tbe tensiaii 
of air ia C is egiial to l^iat in ^ a jes wiL 1» 
nosed, w^icix, if imobstnieted, would lie equal] 
in be^lit to tbe ccmqirraang cnhnrm A B. 

A maciune eanstmeted on tld^ priD'cijiie, 
lor taki^ 1^ ^wxter efut of a mine in Hon- 
gaxy, vas calied tbe MumyarUm maehinr. 

939. StBKm ag apotDcr, — ^At all liie nanml 
tcmpoatoKs, writer is dowh- dn^ed into T*. 
por, wbidi mi&gies with the air and kis onhr a ieieSl^" ton$k>9i» 
K the temperature is ard^ciallT raised, the vapor is calkd si^tnum^ 
and its tenacn incr»$)es at a npid xate, beii^ doabW on th« 
average for ereiy iaa^ase <^ ^Tf. THien water boils In xht Mt^ 
its temperature is 212^, and the tension of the steam oqu^ib tWi 
of the atmosphere, or 15 lbs. per square inck Bv conliningf 




^viExplain what oompresses the mir in H<Ht>*s foantAim IV^icnW tU ^V^<ll 
machiDe has been constructed on this principle t At what t<»n^>^ratur^ 
does water evaporate IJ^When is the Taper called tiMmf. ilow olWn U U« 
tension doohled ! WhM is the tempotitare of water boilinft \\\ <A|X^n Mr t 
What tension has the steam? How can water be boiled nt higb«r leiiilHMr«> 
tores? 
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water in strong veuels, its boiling tempemtnre may be raieed, 
and the tension of the Bteam increases indefinttelT ; it thaa be- 
comes a source of great power. Again, hj suddenly cooling 
steam, and chan^ng it back to water, nearly all the space which 
it occ^iipied becomes a vacuam, and steam is thus indirecUi/ a 
source of power. 

330. The tieam-enyint. — After the steam-engine had been 
in Dse about fifty years, for pumping water from the mines of 



England, it received its great improvements in I Td-I, from Jamea 
Watt, of Scotland. By removing the' serious difficulties nnder 
which it had labored. Watt rendered the steam-engine the moat 
valuable prime mover in the world. The first improved fonn 
was called the single-acting engine ; the steam exerted its power 
to move the piston only iu one direclion ; it thus acted at inter- 

Hjw does the teneioQ chsage Ij'jn whit two waja ia steam a source of 
power f 1 ttnio dueSf improved the atesm-eiigine t^'Whti wu the fint Airm 
of the improTMl nigiiie I Whr to called t [ 
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▼als, and answered for pamping water, bat was not well adapted 
for general use. He almost immediately changed it to a double^ 
acting engine, under which character it is now universally 
known, and employed fbr almost every conceivable purpose. 
Its essential parts are exhibited in Fig. 102. A is a strong 
boiler^ with a safety-valve R, through which the steam escapes . 
as soon as its tension is great enough to lift the weight. B is 
the sieam-pipey which divides into two branches, one entering 
the cylinder at the top, the other at the bottom. C C is the 
MUam^ylinderj in which the piston moves up and down; K 
is the eduetion-pipe, leading both from the top and bottom 
of the cylinder to the condenser ; L is the condenser, immersed 
in the cold water of the cistern N. M is a common pump, put 
in motion by the engine, for clearing the condenser of water or 
air, and is called the air-pump. Each of the four pipes can be 
opened or closed by the valves F, G, P, Q, which are also moved 
by the engine. I is the piston-rod (passing through the top of 
the cylinder at J with a steam-tight joint), by which the motion 
of the piston is communicated to the machinery. 

33 !• Operation of the engine, — Suppose all parts of the 
cylinder and pipes to be filled with steam. Then, if G and P * 
are opened, the steam from the boiler rushes into the upper 
part of the cylinder, tending to press the piston down ; and at 
the same time, the condenser L being very cold, the steam in 
the lower part of the cylinder flashes into it, being condensed 
as fast as it enters, so that in an instant the space below the 
piston becomes a vacuum. The piston, therefore, descends by 
the tension of steam above it, while there is nothing below to 
oppose its motion. G and P are now closed, and F and Q 

U\ The second form ? J^escribe its essential parts. Explain the operation 
when Q and P are opened. When F and Q are opened. 
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opened ; and immediatel j the condition of the top and bottom 
of the cylinder is reversed ; steam pressing in at the bottom, 
and the space above being vacant^ the piston ascends with the 
same force as that by which it was depressed a moment before. 

333. That the condenser L may be sufficiently cold for 
condensing the steam quickly, it is not only surrounded by cold 
water in the cistern N, but a jet of water is at each stroke of 
the pbton thrown into it. The pump M must therefore be con- 
stantly operating for the removal of the injected water, which 
arises from the condensed steam. 

333. When the steam is condensed, the heat^ which was 
latent in it is liberated in great quantities, and rapidly heats the 
condenser and the surrounding water, so that it becomes neces- 
sary to supply the cistern constantly with cold water, for which 
purpose another pump is required, which is called the cold- 
vfater pump. A third pump, the hot-water pump^ carries back 
into the boiler the heated water which has been removed from 
the condenser. All these pumps are kept in motion by the 
working-beam. 

334:. In all steam-engines previous to those containing the 
improvements made by Watt, the cold water was thrown directly 
into the cylinder, to condense the steam there ; and Watt per- 
ceived that their sluggish action resulted from the fact that the 
cylinder was thus cooled at every stroke, and must again be 
heated by the steam (which was introduced and condensed) be- 
fore there was tension enough to move the piston. His aim 
was to keep the cylinder at a high and uniforjn temperature. 
This he effected by condensing the steam in a separate vessel^ 

• 

How is the condenser kept cold? Whj must it be continually cooled t 
Describe the three pumps. How moved ? How was the steam condensed 
before the improvements of Watt? Why was the action sluggish? How 
did Watt keep the cylinder hot? y 
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by presdng the piston down by tteam (it bad before been done 
by the atmosphere), and by encaainp the cylinder by another 
made of some poor conductor of heat, 

33*S> The low-pretswe engine. — The engine as above de- 
Bcribed is called low-presiure, because it operates by the lowest 
possible tension of steam, there being nothing to oppose the 
motion of the piston. Fig. 103 exhibits the several parts of 
such an engine, with the working-beam and balance-wheel which 
are pat in motion by it. 



■-'/ latbe BDgiue noir deKribed Mfii or j«B preaiureT Whrt Dracrilw al 
tin psrti bf Fig. lOt. 



1^ PlO:UMATI0S. 

A. The boiler. 

B. The steam-pipe, conyeying steam to the cylinder, having 

a throttle-valve at b. 

C. The cylinder, encased by the jacket c e, 

D. The eduction-pipe, conveying steam from both top and 

bottom of the cylinder to the condenser. 
E. . The condenser, with the jet-pipe, by which cold water is 

thrown in at every stroke of the piston. 
F. The air-pump. 
G G. The cold-water cistern. 
H. The spout of the cold-water pump. 
I. The hot well, containing the hot water from the condenser. 
K. The hot-water pump, which returns the water from I to 

the boiler. 
L L. Levers which open and shut the steam-yalves ; they are 

moved by pins in the piston-rod of the pump F. 
M M. The parallel motion, a contrivance for communicating 

straight motion to the piston-rods of the steam cylin- 
der and the air-pump. 
NN. The working-beam, which is moved by the piston-rod 

of the steam-cylinder. 
O 0. The governor, which regulates the steam by opening 

and shutting the valve b. 
P. The crank, to change the vibrating motion of the beam 

into the continued motion of the balance-wheeL 
QQ. The balance-wheel, for steadying the motion of the 

machinery. 
The working-beam is often dispensed with, and the piston- 
rod, being kept in place by guides, is connected with the ma- 
chinery by a crank. The balance-wheel is unnecessary, when 

Are the working-beam and balance-wheel always necessary t 
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the machinerr itself fnmishes saflScient momentom to steady the 
action ; as is the case with the steamhoat and the locomotive. 

S30. The hiffh-pressurt engine. — ^In many uses of the 
steam-engine, and especially in the railroad locomotive, it is 
better economy to allow the steam to be opposed by atmos- 
pheric pressore, thereby diminishing veiy mnch the bulk and 
weight of the engine. Sappose (F^. 102) that the condenser 
and pump are removed, and tbat the valves P and Q communi- 
cate directly with the air ; then when G and P are opened, the 
steam below the piston will be subject to atmospheric pressure, 
and will therefore have a tension of fifteen pounds per incb, to 
oppose the motion of the piston. The power of the steam 
which drives the piston must of course have fifteen pounds 
more tension than before, in order to produce the same effect. 
Hence, such a machine is called a hiffk-pressure engine. An 
inspection of Fig. 103 will show how much more compact the 
steam-engine would become, if the condenser and all the pumps 
were dispensed with. 

S3 7. Steam-vdlves. — What are called valves in steam ma- 
chinery are not strictly such, because they are not opened and 
shut by the pressure of the steam. They are of various con- 
structions, but are always opened and shut at the proper mo- 
ments by the machinery. A particular form of aliding-valve is 
chiefly used, called the D-valve, from its resemblance to the 
letter D. 

The valves, which admit steam to the cylinder, are closed 
much before the piston is driven to the opposite end, sometimes 
as soon as it has moved one-third of the way ; this prevents 

Examples. JlfWhat is a Ai^A-pressure engine? What parts are omitted? 
How much more force must the steam exert? What advantage in the high 
pressure? Is steam admitted to the cylinder through the whole stroke? 
Why? 
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aeeeleration of the pUtoD, aod a violent shock at the end of the 
B:roke, and alao sares a Urge part of the steam. 

33S> Tke loeontotivt. — This oame is given to a higb-pree- 
niire engine made to transport ittelf on a railroad. It draws 
after it the Itndtr, which contains a supplj of wood and water, 
and then a tnun of cars, for the conveyance of paascDgers or 



freight A frequent construction of the locomotive is shown 
in Fig. 104, F is the /urrwde ; D, the door for receiving fuel; 
and N, the grate. The whole space B B is occupied by the 
boiler. This is traversed by a. large number of mettJIic tubes, 
pp, open at both ends, and serving as flues to convey the flame 
and hot air from the furnace to the chimney C, The water 
should cover the tubes to the dotted line ; steam fills the space 
above that line. The engineer, who occupies a platform in 
front of the furnace F, can by the lever L open or close the 
valve V, which is within the boiler, and admit steam to the 
cylinder. If the valve is opened, the steam rushes through the 

.' What U 1 loBomotim f The ttmUrf . Describe the puis of the eB^M. 
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pipe S S (as shown by the arrows) and enters the steam-cylin- 
der, lying horizontally below the chimney, and drives the piston 
P before it, while the steam on the left of P passes into the 
chimney. In the valve-box X is the D-valve, which slides back 
and forth by the lever N. Thus the piston is impelled rapidly 
from end to end of the cylinder, communicating motion to the 
driving-wheels K K by the crank-rod R ; and the rotation of 
the wheels, by means of friction on the rail, causes a progres- 
sive motion of the engine. That the distance advanced during 
each stroke of the piston may be as great as possible, the 
driving-wheels are made very large. 



CHAPTER IIL 

PHENOMENA OF THE ATMOSPHERE. 

339. The height and quantity of the atmosphere, — The to- 
tal height of the atmosphere is unknown. It has been calcula- 
ted that the extreme twilight is reflected by air, which is about 
forty-five miles high ; but the atmosphere extends beyond that, 
probably to the height of 100 miles. The density, however, 
decreases so fast that seven-eighths of the whole is within the 
first ten miles. 

340. Though the height of the air is not knowm, the quan- 
tity is known from its weight. As there rests on every square 
inch of the earth a weight of 14.7 lbs. (Art. 212), that is, 2,11 7 

Where is the steam let into the air? What is the advantage of large dru 
ving wheels ^jts the height of the atmosphere known ? Probably how great f 
What change at increased heights ? j{Is the qucmUty of air known ? 
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lbs. cm ererj square foot, we mast mnltiplj thia nmnber by the 
number of square feet on the snrface of the earth, in order to 
obtain the weight of the entire atmosphere. The weight of air 
on the earth is the same as wonld be the wciorht of an ocean of 
mercarj thirty inches deep, or an ocean of water thirtj-foor feet 
deep, covering the entire globe. 

341 • The height to which the air would extend, if its den- 
sity at the earth were continued nniform to the top,* is also 
known. The specific gravities of air and mercnry are as 1 : 
10440 ; therefore, in order that the air-may press with the same 
weight as thirty inches of mercnry, it most be 10,440 times as 
high, or abont five miles. 

343. Decrease cf density, — Since the air would extend only 
Jive miles high, if undiminished in density, but does in fact rise 
to the height of near a hundred miles, its density must rapidly 
decrease upward from the earth. This decrease is in conse- 
quence of the diminished weight which rests on every succes- 
sive stratum ; and according to Mariotte*s law (Art 202), the 
density diminishes in a geometrical ratio, while the height increases 
arithmetically. Thus, as presented in the following table, the 
density diminishes by one-half for every three and a half miles. 



Height, 
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How is its yrho\e weight found? To what is it equal? How high toould 
the air extend, if as dense as at the earth ? Compare the specific gravities of 
.'/air and mercup'. How are their heights proportioned in order to be in 
equilibrium ?7'«rWhat is the law of diminished density ? What increase of 
height diminishes densitj by one-half f^HGlive a series of heights and deoai- 
ties. * j 
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343* If this law applied strictly, it is obvions that there 
wonid be no top, bat the atmosphere would extend from the 
earth to an infinite distance. It does in £fict, from causes which 
modify the law, decrease a little feisty and come to its limit at 
the height where the expansive forcty which tends to raise the 
particles, equals tbe/orce of gravity^ which tends to depress them. 

In descending into the eiarth, the density would increase as 
fast as it decreases upward. 

34[4:« Coldness of the upper air. — In ascending from the 
earth, the air is found to grow more and more cold, till a point 
is reached, even in the hottest weather, where the temperature 
is always below the freezing point. At the eqj^ator, this height 
is about three miles, and from the equator each way it dimin- 
ishes till it becomes nothing near the poles. The higher moun- 
tains of tropical countries reach above this limit, and are always 
covered with snow. Only the lower portions of the air aro 
warm enough to sustain animal and vegetable life. The direct 
rays of the sun are not arrested by the air, but reach the earth 
and heat its surface ; and the lower air is then warmed by con- 
tact with the earth. The lowest strata may indeed become so 
rarefied by heat as to rise and give place to colder and heavier 
strata above them ; but they cannot ascend far, before they are 
so much cooled by expansion and intermiugling with other 
air, as to find an equilibrium. In the mean time, the earth as 
a whole, radiates through the entire atmosphere into the space 
beyond, as much heat as it receives. Thus it is, that the earth 

T^According to this law would there be a top to the air b^^ there in fact a 
top? Why ?>^J9Vbat change of density in descending intd the earth f State 
the Height of perpetual frost at equator ; at the poles. Why are high moun- 
tains covered with snow 9 What part of the air is warm enough to live 
inf How is it warmed 9 How does it move after being warmed ? Why not 
aacend to the top! 
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and the lower air retain about the same quantity of heat from 
year to year, only varying in particular places according to the 
season. 

34:tS. Motion of air hy heat. — Owing to the perfect fluidity 
of the air, it moves with the greatest freedom whenever it is a 
little more rarefied by heat in one place than another. - The 
colder and heavier air crowds up the warmer and lighter, and 
occupies its place. 

240. The draught of chimneys is owing to this cause. The 
column of air in the flue, when once warmed more than<he ex- 
ternal air reaching to the same height, is pressed up by it. 
Hence there is a horizontal movement towards the fire, and an 
upward current in the chimney. It is by the momentum of thb 
current that heavier substances, as smoke, and some other pro- 
ducts of combustion, are carried up. If the fire is in a large 
open fireplace, the draught is not likely to be good, because so 
much cool air can pass into the flue. The evil will probably be 
remedied by lowering the breastwork of the fireplace, or snb* 
stituting a stove. The interior of a flue should be smooth, 
especially if it id small, because gaseous substances are much 
more retarded in their motions than liquids are, by inequalities 
of surface. Other things being equal, the colder the weather, 
the stronger is the draught, since the external air is heavier com- 
pared with the column in the chimney. In the attempt to build 
a fire in a warm day, the smoke will sometimes all pour into the 
room, the air in the chimney being colder than that abroad. 

3^17 • The ventilation of apartments may often be effected 
on the same principle as the draught of chimneys ; that is, by 

How much heat does the earth radiate in a year 9 Wbj does warmer air 
ascend ?'u\£xplain. the draught of a chimney. What motion in the room? 
Why is draught often bad in large fireplaces f How cured f How does 
weather affect draught f Why 9 
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aHowing tbe external ab to press upward the warm and impure 
air of a room tlurongb suitaUe openings made for the purpose. 
Apartments warmed by doee stoves need special arrangements 
for ventilation, much more than those warmed by open fires, 
since the currents which pass through an open fire may occa* 
sion all the change of air that is necessary. When there is a 
chimney flue in the wall of a room, with a current of hot air as- 
cending in it, the ventilation is best accomplished by admitting 
the air Into the flue at the upper part of the room ; since it will 
then be removed with the velocity of the current of hot air* 

34 8 • I^ ventilation i^miTiet 
IS sometimes effected by shafts 
which open into the air at une- 
qual elevations. Suppose A and 
B (Fig. 105) to be two such 
shafts, terminating at very differ- 
ent elevations on the side of a 
mountain. The earth remains at 
nearly the same temperature sum- 
mer and winter, while the exter- 
nal air is hotter in summer and 
colder in winter than that within 
the mine. Let C be a column of the outer air above 6, reach- 
ing to the same level as A. In tbe summer, C is lighter than 
air within the earth ; hence, B and C are lighter than A, and 
the current is down the long shaft, and up the short one. Ift 
the winter, C being more dense than the internal air, B and C 
are heavier than A, and the current is reversed. In spring and 




State how a room maj be Tentilated. How, if a hot-air floe paaaei near 
it I^CThe shafts of a mine, how- made to faror rentilatiou t Which wa^ ia ths 
circulation in winter! Insammfrf Explain. 



148 FNKUMATIG8. 

Mitiiiiiiiy wbeD the colomiiB are of aboat eqoal density, tbe nd- 
nen complun of the saffocating state of the air. When there 
Ib bo opportnnitj of Tentilating a mine in this manner, a firo is 
sometimes kept boming niider one of the shafts. 

94L9. Winds, — ^The nneqnai pressoro of air cansed bj heat 
is also the caase of mads. At the place of greatest rare&ction 
by heat, the motion is upward^ while air comes in horizontally 
to occupy the same place. The latter motion is asoally the only 
one perceived, 

9S0» Land tmd sea hreezes, — ^llie sea*breeze by day is a 
foct of common observation on modt searcoasts. The sor&ce 
of land becomes more heated by the son than the snrfacc of 
water. Hence the air over the land, being heated by it, is 
crowded np by the cooler air which lies on the water. This 
horizontal motion of the cooler air from the water to the land 
is called a sea-breeze. As land absorbs heat by day more rap- 
idly than water does, so it radiates it faster by night; hence, 
the air on the land, becoming colder than that on the water, 
flows off from the shore, and constitutes the land-breezs of the 
night. 

391. The trade-winds, — ^These are the r^nlar currents 
which set in toward the equator from both sides, crowding np 
the heated air of the torrid zone. On the north of the equator, 
the trade-winds are generally from the northeast, on the south 
side, from the southeast. These would be respectively a north 
and a south wind, were it not for the rotation of the earth on 
its axis. The earth revolves toward the east; and the air, 
which leaves a higher latitude, has only so much velocity east- 



,''.^'V(rhat is tb« caaw 9f winds f Whie^ motion is perceived as wind! £x- 
'^ plain the MO-breeat, i^VThe land-ireMe^^^hB.t are the trade-wiads ! In what 
^ ' direction north of the equator f South oi»it ! 
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ward as the parallel from whicb it comes ; hence, as it ap- 
proaches the equator, it passes over land which has a swifter 
eastward motion, so that, relatively to the earth, the air has a 
motion /rom the east combined with its motion from the north, 
and the resultant of the two motions is a northeast wind. In a 
similar manner is explained the southeast wind prevailing so 
generally near the sonthem tropic. In certain localities the 
wind blows from a northerly quarter for six months, and then 
six months from a southern one, alternating with the sun as he 
passes back and forth across the equator. The monsoons of 
southern Asia are a remarkable example. 

3S3. The air which rises up from the torrid zone, flows 
away toward the poles to restore the equilibrium ; and as these 
retaming currents have the velocity of the equator, they will - 
- have more eastward motion than the parallels which they reach, 
and thus will be relatively southwest winds in the northern 
hemisphere, and northwest winds in the southern hemisphere, 
'^e highest kind of clouds (the cirrus) usually indicate these 
directions. 

S«S3. The winds of the temperate zones are very fluctu- 
ating, owing to various local and irregnlar causes, such as coast 
lines, mountain ranges, unequal distribution of sunshine by 
clouds, &c. On the higher parallels of these zones, the influ- 
ence of the upper currents, which flow from the equate, ia 
considerably felt, occasioning a general prevalence of winds from 
westerly quarters. 

9ti4. Revolving winds, — ^Winds often circulate around a 

« 

Why is there motion from the east in each casef What are the monsoons? 

What becomes of the air which ascends from the equator ? Why does it 

acquire a motion from the west? What is the character of the winds of the 

temperate zones ? What is the prevailing direction ? Name an example of 

J^A revoWing winds. 



n 
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▼ertical axia. The northeast storms of the American Atlantic 
coast are ezaniples of revolving winds on a large scale. The di- 
ameter of the storm is from 200 to 500 miles, lying partly on 
the land and partly on the water, and the whole whirling mass 
advances along the border of the West India Islands, and thence 
along the shore of the mainland till it is lost in the northern 
Atlantic ocean. The winds of these storms always revolve 
from right to left Small and violent tornadoes are nsnally of 
a whirling character. 

SSS. Velocity anchforee of winds. — Wind moving at the 
rate of two or three miles per hour is hardly noticeable ; a ve- 
locity of twelve miles makes a strong breeze ; forty miles, a 
high wind ; 100 miles, a destructive harricane. The force of 
'wind varies as the square of the velocity, becaase quantity and 
velocity increase alike, and are both concerned in estimating 
the force. Hence, *<i9tc« the velocity causes four times the 
force; and ten times the velocity, 100 times the force. The 
force of wind is estimated at half a pound on a square foot 
when the velocity is ten miles per hour. Therefore, at 100 
miles per hour, the force would be fifty lbs. on a square foot. * 

3ti6. Vapor of the atmosphere, — ^By the heat of the sun all 
the waters of the earth form above them an atmosphere of var 
por or invisible moisture. Even ice and snow, at the lowest 
temperatures, throw off some vapor. This vapor can exist in 
just as great quantities in the air as in a vacuum ; but there is 
not likely to be as much, since it is not so rapidly formed, be- 

What is the diameter of Atlantic coast storms? Berolve which way? 

What is the motion of air in tornadoes ? State the velocity of a wind scarce- 

)r\i\y perceptible. Of a strong breeze. A high wind. A destractive hurricane. 

How does the fome rarj ? Illustrate. What is always mingled with the air? 

>^^'. Can as much vapor exist in air as in a vacuum? .^^s therej^^f^ to be as 

Imuch? Why? 5 - 
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cause the air obstructs its movements, and thos retards its for- 
mation. The quantity of moisture which can exist at any one 
time depends on the temperature. The quantity is measured, 
as the quantity of air is, by the height to which it will sustain 
a column of mercury. When the temperature is 80^, an atmos- 
phere of moisture (as much as could exist) would be called 1, 
because it would sustain (me inch of mercury ; at the freezing 
point it is 0.18; at zero^ only 0.04. The weight of a full at- 
mosphere of moisture is doubled by every rise of 12° or 14**, in 
the coldest weather; every 21^ or 22^ in the warmest. The 
quantitj/ or weight of moisture is commonly expressed by the 
word tension, because the tension varies as the weight which is 
the compressing force (Art 202). 

3S7. The humidity or dampness of the air depends not . 
merely on the amount of moisture, but on the temperature; In 
a high temperature a great deal more moistare is required than 
in a low one, to render the air equally damp. In summer there 
is much more moisture in the air than in winter, but yet the 
air is not so damp. So, the humidity of night i& generally 
greater than that of c/ay, and yet the quantity of moisture may 
be the same, or even less. At zero, if the air is as damp as 
possible, there is only 0.04 of moisture ; but at 80^, there is 
1.0 of moisture, and yet the humidity is the same. Humidity 
is expressed by 100, and numbers less than 100. If there is as 
great a quantity of moisture as possible, the humidity, whatever 
the temperature may be, is called 100 ; if at any temperature 

How is the quantity of vapor measured? What rise of temperature 
doubles the possible ajaount of moisture in summer! In winter? What 
word is used for the amount? '')What does the humidity depend on? Can 
there be more humidity, and yet less quantity or tension ? Compare sum- 
mer and winter. Day and night.f^ow is humidity expressed! What does 
100 express ? 
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tbere is half as mach as could possibly exist, the bnmiditj is 
J^y ; and if only one-fifth as much, it is twenty, &c. The in- 
strument now principally used for determining the tension and 
humidity, is called the psyehrometer, 

938* The dew-point — ^If the temperature is lowered until 
the humidity is 100, then it cannot fall any lower without pre- 
eipitating some of the moisture from the invisible gaseous form, 
into the liquid or solid form. This point of temperature, at 
which precipitation b^ns, is called the dew-point When a 
tumbler of cold water is brought into warm air, it often has 
moisture coUected on its outside ; the surface of the tumbler is 
then below the dew-point. Place a thermometer in the water, 
and wipe the moisture from the tumbler as often as it forms, 
until it ceases to appear; at that moment, the thermometer in 
the water gives the dew-point ; and by comparing it with a 
thermometer in the air, it may be seen how much the dew-point 
is below the actual temperature. If the moisture should not 
oease to collect on the tumbler till the water had become as 
warm as the air, it would indicate that the hnmidity is 100. 

990* Precipitations of moisture, — ^The air may be cooled 
below the dew-point under many different circumstances, and 
hence there are many forms of precipitation of moisture. The 
following names are given to them : dew, froet^ fogy cloud, rain^ 
mist, hail, sleety and snow. 

900, Dew, — ^This form of the deposition of moisture occurs 
on the sur&ces of bodies which are so cold as to cool the adja- 
cent air below the dew-point. Dew does not fall, but is left on 
bodies by the air in contact with them. As bodies at night 

Fiftj, <&c. t The instrument for obserring hnmidity and tension. Define 
# the dew-point. Illustrate by tumbler of cold water. 'What does the humid- 
ity of 100 indicate ? When is moisture precipitated ? State the forms of 
precipitation. r^What is dew ? Does it fall ! 



, 
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grow cold bj radiation, the air which touches them is cooled 
also ; and as soon as it reaches the dew-point, it begins to de- 
posit minate drops of water, which grow larger as the process 
goes on. # 

3G1* In the same situation, those receive most dew which 
are the best radiators. Vegetable leaves are good radiators, 
and receive much dew. Polished metals radiate little, and have 
little dew upon them. 

Among equally good radiators, those have most dew which 
are most detached from good conductors of heat Leaves on 
their slender stems derive very little heat from the earth, and 
have more dew on that account. Gravel and sand radiate well, 
but receive only little dew, because they are kept warm by 
heat conducted from the mass below. 

303. The same substances have more dew on them, accord- 
ing as they are more exposed to the open sky. Other objects 
radiate heat back again, but what is radiated into the pure sky 
is never returned. Hence there is less dew among trees and 
buildings, and in cloudy nights. 

Wind often prevents dew, by not allowing the air to remain 
long enough in contact with bodies to be cooled by them. 

363. Frost — When the radiating body is cooled below the 
freezing-point, the moisture is deposited in solid crystals, called 
frost Frost will often be found on ^he best radiators, or those 
most exposed to the open sky, when only dew is found elso- 
where. 

9A4. Fog. — ^This form of precipitation consists of minute 
globules of water sustained in the air near the earth. It is most 

^"^What bodies receive most dew? Compare leaves and polished metals. 
Compare leaves and saod. The effect of buildings, trees, clouds, wind? 
P^When does dew become frost ?)-SWhen does the deposited moisture take the 
form of fofft / 
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likely to occur near water, where the dew-point is high, and 
wher*^ cold air has the opportunity to mix with it The 
mixlDg of masses of air of different temperatures is very likely 
to caase moisture to be deposited ; %pd is sure to do it, if their 
humidity is at a high point, and their temperatures widely 
different. Thus, the moisture of our breath is condensed into 
a visible form when the air is very cold ; and the steam of a 
locomotive is poured out in a dense cloud, either when the 
air is quite cold, or, if warm, when it is very damp. The fogs 
of the Newfoundland banks are formed by the mixing of the 
warm and humid air of the Gulf stream with the cold air of that 
northern coast. 

90S* Cloud, — ^The same as fog, except at a greater eleva- 
tion. Its formation is supposed to be due, often, te the mixing 
of currents of different temperatures, and in other cases 'to tho 
fact that air, ascending from^the earth, becomes cooled by ea^ 
panawn below its dew-point Clouds are frequently higher 
than the limit of perpetual frost ; then, even in the hottest sea- 
son, they consist of snow crystels. 

The following is the usual classification of clouds : 

1. Cirrus. — (Fig. 106, c.) This cloud has a fibrous structure, 
like hair or flax, straight or bent ; and frequently is gathered, 
at one end, into a confused heap of fibres. It is the highest kind 
of cloud, and often frozen. ^ 

2. Cumulus, — (Fig. 106, a.) This consists of contact round- 
ed heapSy often like the summite of mountains covered with 
snow. They are nearly confined to, the summer season, and 

What does fog consist off When does the steam of the locomotiye he- 
come visible? Cause of fog on the banks of Newfoundland ? Difference 
t^ between fog and cloud ? In what two ways maj cloud be formed ? Clouds 
above the freezing limit consist of what VciDescribe the different kinds of 
cloud. " t 
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the da7tim& It is eaid they do not occur f&r oat at sea. This ' 
kind is not nsnally so high as the cirrus; snd appear^ moro 
than any other cloud, to be formed directly by rising colamus, 
which are so cooled by expansion as to &11 below the dew- 

Hg. It* 



Otmpound CUmdt, 




3. Stralus. — {Fig. 107, 6.) SAeeU or stripes of cloud, some- 
times overspreading the whole sky, or as a fog, corering the 
surface of the earth or water. 

4. Cirro-eumalus. — (Fig, 107, m.) Fleecy patches of cloud, 
sometimes called mackerel sky. 

5. Cirro-ttratut. — (Fig. 107, A.) The stratus, with something 
of the fibrona structure. 

6. Citntulo-tlrattis. — (Fig. 107 e.) The stratus, with par- 
tially developed cumulus forms. 

Which kind are formed odIt id (ummer, dajUme, uid on U&d t 
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7. Nimhus, — Any clond receives this name wlien it is foimed 
so rapidly as to fall in rain, haU, or snow. 

SCO. Rain, — ^Whether the precipitated moisture has tho 
form of cloud or rain, depends on the rapidity with which pre> 
cipitation takes place. If all the circumstances are fjAvorable, 
the vapor may be condensed so rapidly that the minute globules 
touch each other, forming drops which cannot be sustained in 
the air. It must be remembered that globules of fog or cloud 
are as heavy specifically as drops of rain. But they have so 
much more surface in comparison with their weight, that they 
are kept up by the slightest motions. For a similar reason, the 
dust of minerals, twice as heavy as water, is long sustained in 
air which is in motion, while sand or gravel of the same mate- 
rials falls-at once. 

Mizt is fine rain, the drops of which are barely large enough 
to fall slowly to the earth. §leet is frozen mbt. , 

367. Hail. — When the air, in which rapid condensation is 
taking place, is so cold as to freeze the drops, hail is formed. 
Hailstones are rarely spherical, perhaps because they continue 
to receive accretions of ice as they fail Hail-storms are most 
frequent in the mountainous regions of the temperate zones, 
where there is most frequent opportunity for a mingling of the 
heated air of the valleys with the air of freezing temperature at 
the height of the mountain tops. 

3B8. Snow consists of the minute crystals of frozen cloud, 
united in flakes. Like all transparent substances, when in a 
state of minute division, it owes its whiteness to innumerable 
reflecting surfaces. A cloud, when the sun shines upou it, is 

r 

> , What decides whether the moisture shall form cloud or rain ? How is 
doud held up ? How is dust sustained ! Whj are not drops and gravel- 
stones held up by the air ? Define mist. Sleety IHiul. Reason for irregu- 
laritj in bailstooM. ^ <What does snow oonsist off Why is it white t 
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for tbe Mwne reaaon intensely white. Elg. 108 shows a few of 
the forms of elementary crystals in sDow-fl&keB. 




369. MeUorologieal journal. — In order to keep a meteoro- 
Ic^cal journal, the instruments needed are. the following : — 

A t&tmunneter, in the extern^ air, for temperature. 

A barometer, with attached thermometer, for 
finding the pressure of the atmosphere. 

A ptyehrometer, for the tension of vapor and 
hnmidity, 

A ram^uge,— (Fig. 1 09.) The depth of rain 
which falls in a single shower is often so small a 
fraction of an inch, that for accurate determina- 
tion tbe depth needs to be multiplied. If, for 
example, the section of the tube is one-tenlk of 
tbe open area at the top, then the nater in the tube will be Itn 
times the trne depth. Hence, a^r measuring the depth in 

"V What inBtrumenta are used for keeping a meteorologicU Jonmil I State 
jhow raid U maMondt 
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hundredfhn of an inch, call them so many thousandths, and this 
will be the trae depth. 

370. Printed tables are used in company with the* 
psychrometer, for ascertaining the tension and humidity, from 
the 'readings of the dry bulb and wet bulb of the instrument; 
also with the barometer, in order to correct for expansion of 
mercury by heat. 

'^ r THE MOTION OP CURRBNTS m FLUIDS. 

37 1 • There are certain phenomena attending the flow of 
currents through a fluid, which are common to hydraulics and 
pneumatics ; they are briefly described in this connection. 

373* Motion communicated to the surrounding fluid. — If a 
stream is driven through a medium, it carries along adjoining 
particles by friction or adhesion. Suppose that in a vessel of 
water there is a plane gently inclined, reaching to the edge of 
the vessel ; and that a stream of water, brought from a higher 
level, is driven up this plane with sufficient force to pass over 
the top ; it will take along continually some part of the sur- 
rounding water, until the vessel is emptied to the lowest part 
of the stream. A stream of air, in like manner, blown through 
the air, carries the .adjacent particles with it. A stream of 
water through the air also conveys air with it, as may be seen 
whenever water is poured from a pitcher into a vessel contain- 
ing water; bubbles of air in great nundbers are carried down 
beneath the surface. A cascade falling into deep water drives 
immense quantities of air with it, which presently rises as foam 
on the surface. The current of air, rushing from behind the 

For what purpose are printed tables needed? What effect is produced bj 
a stream through a medium ? Describe the experiment with water. Pour- 
ing water into water. Cascade. Why does air rash out from behind a water- 
fall! 
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foot of a waterfall, is brought down by the back side of the 
sheet, and is supplied constantly by air which passes behind 
near the top of the fall. 

S73. Draught of chimneys. — If a stream of air passes across 
the end of a tube, the air within the tube is liable to be carried 
with the stream, and thus a partial vacuum formed in the tube. 
It is thus that wind over a chimney rarefi^ss the air within, and 
increases the draught. Tubes extending up into the air from the 
top of public halls, and the holds of ships, may, on the same 
principle, aid in their ventilation. 

J8y4:. A stream meeting a surface, — When a fluid meets a 
solid body, instead of rebounding, it tends to follow the sur- 
face, and will almost invariably do so, except when the surface 
changes its direction too suddenly. This effect is partly due to 
adhesion, and partly to the resistance of the medium in which 
the stream moves. 

9>fSt Diminished pressure on the surface. — ^When a stream 
thus flows along a surface, the pressure of the medium against 
the surface is slightly diminished. If a piece of tin be curved 
like the letter S, and delicately suspended by the middle of its 
edge, and a stream blown obliquely against its convex side, 
instead of turning away from the stream, it moves towards it ; 
and by repeating the blast at every half revolution, it may be 
made to whirl rapidly. 

S7B, The pneumatic paradox is explained on the same prin- 
ciple. A disk of. pasteboard being placed on another, and a 
stream of air being blown against it through a hole in the latter, 
it cannot be blown off. The stream flows out in all directions 



The effect of a stream across the end of a tube? Illustrate hj draught. 
When a stream meets a surface, how does it tend to move } Why ? What 
effect Is produced on the surface ? Describe experiment with cunred vane t 
Describe pneumatic paradox. Explain. 
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from between the iUsks, and diminishes the atmospheric presh 
sure 00 the inner sor&ce. 

977« Formation of vortices, — ^When a stream leaves a sor- 
&ce on account of too abrupt a curvature, a whirling motion is 
likely to occur in the medium back of the edge. Thus, vortices 
are formed in water, where its motion is arrested by rocks ; the 
whirl may have its origin at some depth in the water, and the 
motion be communicated to the top. 

978* The surface is hollow in the center of a vortex, because 
of centrifugal force. When the rotation is very swift, a tube is 
sometimes formed, in which the air descends to great depths. 
These are called whirlpools^ and arise, as is supposed, from deep 
currents, obstructed in their motion among rocks. The wind, in 
passing off from the side of a building, causes interrupted eddies 
behind on the leeward side, as may be seen by the motions of 
leaves or other light substances. 

379. Vortices frequently arise also from the partial coun- 
teraction of two currents. Thus whirlwinds are produced in 
air, and travel over the surface of the earth. The rare&ction 
in the center, produced by centrifugal force, causes light sub- 
stances to rise, and clouds to descend. These whirls are called 
water-spouts when they pass over water, and cause the spray to 
rise in their axes. 

Wheo do streams tend to produce vortices f Form of the sarface f How 
are they formed in deep water, and are called by what name ? How are 
whirlwinds produced t When are they called water-spouts Y 
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dSO. Aeousties is the science whicli treats of the nature and 
laws of sound. 

Sound is the vibratory motion in a medinm, which, on reach- 
ing the ear, causes hearing. The word sound is also used to 
denote the impression which the vibrations produce on the ear. 

38 !• By careful observations it is ascertained that vt6ra//on« 
in the surrounding medium are essential to hearing ; and these 
vibrations can always be traced to the body in which the sound 
originates. A body becomes a source of sound by producing 
impulses on the medium, which are conveyed 
in waves to the organ of hearing. In many 
cases of prolonged sound, it may be perceived 
that these impulses are made by vibrations in 
the body itself. Thus, if a string (Fig. 110) 
be stretched between A and B, and then pulled 
aside, its motions back and forth are visible, so 
long as the sound emitted by it is heard. When 
a tumbler of water is made to ring, the surface 

/ Of what does acoustics treat! /What is 90iind? What causes itf Men- 
tlon eases in which the Tibrations can be seen. 
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of the water is thrown into a beaatifal system of waves. If 
sand be scattered on a horizontal plate, while sound is pro- 
duced by drawing a bow across its edge, the sand will dance over 
its surface till it rests on certain lines which do not vibrate. 

383* Sonorous bodies are such as are fitted by their elasti- 
civj and their/avora6^/r/rm to be thrown into a state of vibra- 
tion. Inelastic substances, like lead, are not sonorous. Nor are 
those wliich have very solid and compact forms, as the cube or 
the sphere. Thin plates and slender rods of elastic material, 
are peculiarly fitted for producing continued sound. 

383. Medium of sound. — ^There must be not only a vibrat- 
ing body, as a source of sound, but a medium for its communis 
cation to the ear. The common medium is air. If a bell be 
rang in the vacuum of an exhausted receiver, it cannot be heard. 
And during the process of exhaustion, the sound becomes more 
and more feeble till it ceases, showing that the intensity or 
loudness of sound diminishes with the density of the air. So, 
also, on high mountains, all sounds seem feeble on account of 
the rarity of the air. On the contrary, sounds grow louder as 
the density b increased. In a diving-bell sunk to a considera- 
ble depth, even a whisper is painfully loud. 

384. Velocity in air. — Sound occupies a perceptible time 
in passing through air. The flash of a distant gun is seen be- 
fore the report is heard. Thunder usually follows lightning 
after an interval of several seconds. If a person is sawing or 
hammering at a distance, the perceptions of the strokes received 

l\ What two things are essential to render a body sonorous? Whj is not 
lead sonorous ? What /amu are not sonorous ? What are most favorable? 
^T^hat is the usual medium of sound ? Experiment to prove that a medium 
is necessary? Sounds on a mountain, why faint? Why loud in a diving- 
bell at great depths? Show that sound requires tim» to travel a distanoe, 
tinn. Lightning. ^' 
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by the eye and the ear do not generaDy agree with each 
other. 

38S. From many careful experiments, made for the pnrpoae 
of determining the velocity of sound, it is ascertained that it 
travels at the rate of 1090 feet per second, at the temperature 
of 32^, the freezing-point. If the air is warmer, sound moves 
^ter, and if colder, it moves slower, by nearly one foot in a 
second for every degree. It therefore travels about 100 feet per 
secund faster in our hottest weather, than it does in our coldest. 
If the wind blows in the same direction with the sound, its ve- 
locity is added to that ot the sound, and subtracted, if in the 
opposite direction. This, however, makes but little difference, 
since sound moves 50 or 100 times faster than winds of ordinary 
velocity. 

• 3SO. Besides temperature and wind, other circumstances 
do not affect the velocity of sound. Whether the air is light 
or heavy, moist or dry, the rate is the same. If snow is falling, 
it prevents sound from going as far, and renders it more feeble 
at a given distance, but it does not diminish its velocity. And 
all kinds of sounds, — ^the report of a gun,r — the blow of a ham- 
mer, — and the notes of a musical instrument, whether high or 
low, soft or lend, move at the same rate. That high and low 
notes in music advance with the same velocity, has been proved 
by causing familiar tunes to be played on a flute at one end of a 
tube d|»re than half a mile long, and listened to at the other end. 
No, derangement in the succession of high and low notes takes 
place, as would be the case if they moved with different velocities. 
387. Diffusion oftound, — Sound is usually more loud, and 

(pWhat is the velocity of mmnd /^What allowance for heat aod cold f For 
wind ? For weight or moisture ? State in regard to different hindi of aoimd, ' 
and sounds of different pitch. How is the last proved ? .^ 
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ii beard at a greater distance in tbe direction of the first im* 
pulse, than in others. For instance, a cannon is heard farthest 
in the direction in which it is fired. And a public speaker in 
the open air, is heard more than three times as &r by those in 
front, as he is bj those behind him. 

388. If sound is prevented from spreading in certain direo* 
tions, it proceeds further in other directions. Hence it is, that 
in a coluom of air, confined in a tube, sound is conveyed to a 
great distance. The music of a flute has been distinctly heard 
more than half a mile, by being conducted along the air in an 
aqueduct pipe. Speaking-tubes are of great service for carrying 
messages and orders to all parts of large edifices. 

SI80. When sound passes through an opening, it is not en- 
tirely confined within the straight lines drawn from the source 
along the edges of the opening ; but spreads laterally in some 
degree. Thus (Fig. Ill), if sound originates at A, and passes 

through the open- 
ing B C, a person 
anywhere between 
B D, and C E, wiU 
hear the full sound, 
but the moment he 
steps outside of 
either line, he will 
perceive the .'sound 
to be weakened, 
but not destroyed. It is diffused imperfectly beyond those lines, 
as though emanating from B and O, as centers. 



Fig. 111. 




Is sound heard equaOj well in all direeUansf A gun } A public speaker t 
State the effect of a tube f Use of speaking-tubes? Is sound limited within 
straight lines, in going through an opening t Illustrate by figure. 
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900m J^ature of acoustic waw$^ — ^In water-wayea, it has 
been stated (Art 197), that the particles of water rise and fid], 
while the waves^ which consist of those particles, move horizon- 
tally along the surface of the water. The vibrations of the par- 
ticles are transverse to the direction of the wave motion. In the 
progress of sound, it is different ; the vibrations are hngi$t^ 
dtntUj that is, the particles oscillate back and forth in the lino of 
wave motion. Hence, the waves are not waves of ridges and 
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Ao/Zoi0«, but waves of condensations and rarefactions. Fig. 118 
wiU give an idea of the condition of the air, when thrown into 
oscillation around a center. At b and d the air is condensed f 
at a, c, and e, it is rarefied. The particles firom the center to b^ 
have been crowded forward, so as to produce condensation at A 
Those at 6 are pressed forward against those slill more distant^ 
BO that the state of condensation is curied onward. But there 
is a rarefaction, resulting from the condensation ; for the in- • 
creased density at 6, causes the particles, that have crowded to- 
ward that point, to rebound, while those in advance of them 
iDove forward. Thus, the particles at any place separate at one 
moment as much as they crowded upon each other the moment 
before. These successive states of ccmdensation and rarefaction 
spread ontward-firom the source in sSL directions, with the velocity 



In wftter-waves, state how the particles move. Are the vibrations of air 
*y UkmntifBe or longUudmal / Explain the meaning of this. Which ( ind pro- 
C^ dnoes oondenaatkm and nuvfaeiion f Show hj the figore how tho particles 
move. 
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of about 1,100 feet per second. But vrlle the waves are thus 
swiftly advancing, the particles which compose the waves mere- 
ly vibrate back and forth in the same line in which the wave 
moves. Since the waves proceed outward, with equal velocity 
in all directions, the form of each is that of a spherical surface, 
whose center is the source of sound. 

991. Other media than air. — Sound is conveyed by all.elas- 
tic substances, whether gaseous, liquid, or solid ; and the nature 

of the waves is the same in all. The chief difference consists 

» 

in the velocity with which the waves travel in different media. 
S99« It is readily proved that aD ffases and vapors con- 
duct sound, by removing the air fronc a receiver which has a 
bell in it, till the ringing of the bell ceases to be heard, and 
then filling the receiver with any gaseous substance whatever ; 
the sound of the bell is again heard. 

' 303. Liquids are good conductors of sound ; for a bell 
rung under water can be heard at a great distance in the wa- 
ter. In 1826, Golladon made many careful experiments in the 
water of Lake Geneva. He found that the sound would not 
leave the water, so as to be heard in the air, except nearly 
over the belL But by pressing down a tin tube into the wa- 
* ter, the sound, striking the side of the tube at right angles, 
would enter the air within it, and be heard at a distance nearly 
as well as by placing the ear under water. In this way he as- 
certained, that when the temperature of water is 47^, sound 
moves in it at the rate of 4,700 feet per second, which is more 
than four times as fast as in air. He observed also that sound 
in water does not pass around the edges of bodies, except in a 

What is the form of the wares ? ^What substances besides air oonvej 
■ouDd ? How is it prored that^gases and vapors conrej it ? Describe Gol- 
ladon*! experiments on aonnd in water. What is the velocitj ? 
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rery slight degrrce. If, in Fig. Ill, A represents the source of 
souDd, and B C an opening between rocks under water, the 
sound, after passing B 0, is limited by the straight lines A D, 
A £, and cannot be heard behind the rocks, as it could be, 
if the experiment were performed in the air. Sound in water, 
therefore, has a strong analogy to light, in casting a sort of 
shadow ; it is sometimes called an acougiic shadow, 

ft94L» Elastic solid bodies are excellent media of sound. If 
the ear be held close to one end of a long iron rod, even the 
scratch of a pin, made at the other end of the rod, will be dis- 
tinctly heard, the sound being communicated 1>y the iron. A 
similar experiment may be tried on a long stick of timber. If 
the ears be stopped, and the end of a long wire be held between 
the teeth, a slight scratch or blow on the remote end will be 
heard as a very loud sound. In this case the wire and the 
bones of the head convey the sound more perfectly than the 
air can ever do. The sound of earthquakes and volcanic erup- 
tions is transmitted to great distances through the solid earth. 
It has been ascertained by experiments on cast iron, that sound 
travels in that material about 11,000 feet in a second, that is^ 
about ten times as fast as in the air. 

30jS« Change Jrom one medium to another, — It is observed 
that sounds pass very imperfectly from water into air, and also 
from air into water. So, if the bell of the air-pump experiment 
(Art. 283), while ringing, be .shnt up in the receiver, the sound 
is feeble even before any air is removed, simply on account of 
the glass between the bell and the ear. Yet glass is an excellent 

What IS an acoustic shadow ? Explain by figure. Sound in an iron rod ? 
Describe experiment with wire held bj the teeth. Refer to earthquakes. 
The Telocity of sound in iron l/jfLow is sound affected in passing from one 
medium to another? Example m the receiver*of the air-pump. Is glass % 
good or a poor conductor of sound! 
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^ eondaetor of aoand, and therefore it is inferred that sound is 
obstmcted in going from one mediam to another. Hence it is, 
that sounds *are feebly heard on the opposite side of an object, 
even when that object is a good conductor of sound. If the inter- 
▼ening bodj is divided up into a number of thicknesses, so that 
the sound has to pass several times from one substance to an- 
other, it can scarcely be heard at all. This explains the fact, 
that a tumbler, which rings clearly when filled with a liquid, 
will have its sound entirely deadened, if the liquid is covered 
with foam, which conaistB of many alternations of liquid and air« 
So several thichnesses of cloth of a loose texture are almost en- 
tirely impervious to sound. 

396. Reflection of sound. — ^When a system of sound-waves 
meets a suf&ce, it is reflected back into the air, according to 
the law, that the angle of reflection equals the angle of incidence, 
A reflected sound is called an echo. In accordance with the law 
just named, if a person would hear the echo of his own voice, 
he must place himself in a line which is perpendicular to the 
echoing sur&ce. Buildings, groves, rocks, mountains, and 
clouds, are the usual echoing bodies. Echoes in some situations 
are very much multiplied by the number and varied distances 
of the reflecting surfaces, or by the repetition of echoes between 
parallel surfaces. Thus, when a cannon is fired in a valley 
among abrupt mountains, the reverberation lasts sometimes for 
minutes. Two parallel lyalls of a building have been known to 
repeat the echo of a pistol between fifty and sixty times. The 
clouds cause echoes, as may be proved by observing the sound 
of a cannon under a clear, and then under a cloudy sky ; in the 

■ — ^1 -1 - ■ 1 ■ !■ . . , ■ I 

Foaming liqnid in a tumbler, explain the effect. State the law of reflection 
1 ) of sound.*: (Pefine eefio. How can one hear the echo of his own voice ? Wliat 
I ) surfaces cause echoes? How are multiplied echoes produced! CEniuni 
' • among mouutaihs ? Gun Sred in a clear or a cloudjr day ? • 
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former case, the report is single and sharp ; in the latter, it is 
prolonged and reverberated, by repeated reflections between 
the cloads and the earth. The reverberations of thnnder are 
in a gre<it degree, but not altogether, caused in the same way. 

39 7 • When a body produces a single and distinct echo, its 
distance may be found by noticing how many seconds intervene 
between the' original sound and its echo, and multiplying one- 
half that number by 1,130, which is the velocity of sound in 
ordinary summer weather. 

398. Concentrated echoes, — ^It is a direct consequence of the 
law of reflection, that concave surfaces will ordinarily collect the 
echoes, and thus render the sound more intense. If sound is 
emitted from the center of a hollow sphere, all the echoes will 
be returned again to the center, because every line of sound 
strikes the surface perpendicularly. If two mirrors are pre- 
pared in the form of concave paraboloids, and placed exactly 
facing each other^ at any distance whatever, a sound produced 
in the focus of one will be reflected to the other in parallel 
lines, and thence. conveyed to the focus of the second, exactly 
as heat or light would be. For the same law governs them all. 
It is often noticed that concave walls, such as niches, domes, 
Ac, concentrate sounds into some point in front of them. If a 
concave shell is held to the ear, a peculiar murmur is heard, 
which is a concentration into the ear of the various slight sounds 
that are passing through the air, and ordinarily attract no atten- 
tion. The concave surfeces of speaking-trumpets, and of ear- 
trumpets, are perhaps partly concerned in the increase of 
sound, by reflecting several lines of sound into one axis ; but a 

■ II ■ I . I I L Jm . -..■■-■ , 

E^Iain the reverberations of thunder. How is the diHance of an echoing 
snrface found? What surfaces concentrate echoes? Example of hollow 
sphere? Two mirrors 9 Shell? Explain the action of speaking-trumpets, 
and ear-trumpets. 

8 
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part of tbeir effect is supposed to be owing to the (iction of the 
tnbe in limiting, and thas intensifying the sonnd in one direc* 
tion (Art. 288). 

999, Concave snr&ces canse the carious effects of what are 
called whispering-galUries, In many of these instances, how- 
ever, there seems to be a continued series of reflections from 
point to point, along the smooth concave wall, which all meet 
simultaneously at the opposite side of the dome ; for the whis- 
perer places his lips, and the hearer his ear, close to the surface, 
and not in the focus of the curve. The dome of St. Paul's in 
London is an example of this kind. The interior is about one 
hundred feet across ; and yet a whisper, which could not be 
heard ten feet in the open air, if uttered close to the wall on 
one side, is distinctly heard at the side opposite. 

SOO, Resonance of rooms, — If a room has smooth, hard 
walls, and is unfurnished, its reverberations will be loud and 
long continued. Stamp on the floor, or make any other sudden 
noise, and its echoes, passing back and forth, will oause a pro- 
longed musical note, whose pitch will be lower, as the apart- 
ment is larger. This is called the resonance of the room. But 
the introduction of furniture, especially carpet, curtains, and all 
soft, yielding substances, will nearly destroy this effect. Ao 
empty room is distinguished from one which is furnished, or a 
small room from a large one, as readily by the ear as by the eye* 

301. In halls for public speaking, echoes may be favorable, 
or they may be injurious, according to the relation of the echo- 
ing surfaces to the speaker. When an echo comes to the ear 
within about one-sixteenth of a second after the principal sound. 

Whispering-galleries? How is a whisper heard at a distance in St. Paul's 
Church ? What is the resorumee of a room % What condition of the room 
wiU give prolonged sound ? Effect of furniture ? Axe echoes alwajB ii^- 
riouB in a public hall ? When, and when not ! 
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it win blend with it safSciently to seem a part of it; and then 
tlie echo is advantageous^ by strengthening each syUable as it ia 
uttered. The echo wiU follow the original sound thiis closely, 
whenever the wall which reflects it is within thirty or forty feet 
of the speaker. If much more distant than this, the echo will 
be sensibly later than the direct sound, and tend to produce 
confusion. Hard, smooth surfaces, prorided they are not more 
than thirty-five feet from the speaker, and provided also they 
are not concave, so as to concentrate sound to particular points, 
instead of diffusing it, tend to strengthen the sound of his voice, 
without causing confusion in the succession of syllables. Echoes 
from surfaces at a greater distance than this, should be pre- 
vented as much as possible, by breaking up and interrupting 
the surfaces, or in some way destroying their reflective power. 



CHAPTER n. 

KATUBB AND BSLATI0V8 OF MUSICAL SOUirDS. 

34^. Musical sounds. — Whenever the vibrations which 
reach the ear, are more frequent than fifteen or twenty per 
second, and are perfectly equidistant from each other, we call 
the sound musical. It is immaterial what causes the impulses 
on the air, if they are only isochronous (that is, at a uniform rate 
per second), then the eflect is a musical tone. Not only the 
vibrations of an elastic plate of metal, and those of a stretched 
cord, but the strokes of the teeth of a wheel against a stick, 

How near the speaker should good echoing surfaces be? Whjf That a 

j£ foond may be muneal^ what must be true of the yibrationa f Give examples. 
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and the echoes from the blow of a hammer in an empty room, 
cause sounds which are musical. 

The pitch of a musical note is its degree of acuteness, and is 
dependent entirely on the rate of vibration. The greater the 
number of vibrations per second, the more acute the sound, in 
other words, the higher the pitch, 

SOS. The monochord. — If a smooth compact string be 
stretched over bridges on the ends of a box, made of thin 
wood, it will emit a musical sound, when it is caused to vi- 
brate; and many &cts respecting such sounds are ascerf^ned 
by this simple piece of apparatus, called the monochord. In 
the first place it is observed, that though the loudness of the 
sound is altered by the extent to which it vibrates from side to 
side, yet the pitch is not changed. Hence, if made to vibrate 
violently at first, and then left to diminish the extent of its mo- 
tion, the sound grows gradually more and more feeble till it 
stops, but the same pitch is maintained throughout. 

S04:. T^e tension of the monochord is measured by weights 
hung upon one end which passes over a pulley. The pitch is 
found to depend on three things, — the length of the string, its 
weight per inch, and its tension. It is observed, that the 
greater the length, or the greater the weight, the lower the 
pitch; but the greater the tension, the higher the pitch. 
Therefore, a string vibrates more slowly, when it is longer, or 
when it is heavier, or when it is less strained. The strings of 
viols are of different weights, in order to give different tones ; 
and in playing, the performer alters the length of each one as 

') ^What doe8pU(^ depend on ? State the connection betv^een pitch, and rate 
V>f vibration. Describe the monochord. i*|if the extent of yibration is altered, 
what change in the soand? Is the pitch Effected? How is the tension al- 
tered f On how manj and what particulars does pitch depend I State how the 
pitch is affected bj changes in each. Illustrate bj the Tiol. Also bj the piano. 
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mnch as he pleases ; and thus the instrnment fomishes d zreaJL 
variety of notes. In tuning, he adjusts each strii^ hj Tanring 
the tension, so that it shall -give the exact tone reqoued. In 
the piano, the strings are of yarions lengths and weights, and 
they are tuned by altering the tension. 

SOS. 7^ musical scale. — ^When the weight and tendon re- 
main the same, the number of vibrations varies inversely as iks 
length. On^KaXf the length vibrates twUe a* often^ and ome- 
third of it, three times as often, as the whole. The common 
scale of mnsical sounds is obtained from the monochoid, by 
dividing it in the following manner. The sound of the whole 
string being the first, or fundamental sound, the several sounds 
of the scale are given by these fractions, namely, !« f^ f, f * f t }> 
1^., ^. If a string were strained, and then divided in tlis man- 
ner, any one would perceive that the succession of sounds is the 
same as that which is used in music. From these factions is 
readily obtained the relative number of vibrations in the several 
sounds of the musical scale, according te the law mentioned above. 
Thus two-thirds of the string, which gives the fifth note of the 
scale, makes three vibrations, while the whole makes ttoo ; and 
one-half the. string, which gives the eighth note, or the octave^ 
makes twice as many vibrations as the whole in the same time. 

300. Vibration in parts. — In making a string vibrate, it is 
often noticed that more than one sound is produced ; and by 
varying the action of the bow upon the string, a number of dif- 
ferent sounds may be obtained, and sometimes even two or 
three at the same time. These are called harmonic sounds, and 
are produced by vibrations of the string in parts. Thus, if A B 

^ Y>8tate the law of vibration as to length, and ^ye examples. What is the 
fundamental sound ? State the parts of the whole, for the successive sounds 
of the scale. Give the ratio of vibrations in a sound and its ./{/ISA. A sound 
and its octave.,. How are harmonie sonnds produced f 
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(Fig. 113) is a string 
stretched and made 




to vibrate, it may di- 
vide into three equal 
parts, A D, D C, and C B, each part vibrating, while the points 
D and C remain stilL While A D is on one side, D C isjon the 
opposite, and C B the same as A D ; and when A D is reversed, 
the others are also, as shown by the dotted line. The points 
D and C, which are at rest, are called nodes, and they divide 
the string into the vibrating segments, A D, D C, C B. A string, 
when vibrating in this manner, gives a much higher tone than 
when vibrating as a whole, as in Fig. 110, because the parts are 
80 much shorter. Bat these two modes of vibration may exist 
together, and both tones be heard at once. In that case, D and 
O are not strictly at rest, bat only at rest in relation to the 
parts, into which they divide the whole string. A string may 
divide in various other ways, and produce sounds of correspond- 
ing pitch ; but it never divides except into equal parts. The 
sounds thus produced are called harmonics, because, in all the 
simple divinons, which are the ones most likely to occur, such 
as halves, thirds, fourths, d^c, the sound is in harmony with that 
of the whole. 

SO 7. Vibrations of a column of air. — When a musical 

sound is produced by a tube of any kind, it is the column of 

enclosed air which is the sounding body. A condensed wave 

• runs back and forth in the tube, followed by a state of rare&c- 

tion ; and these waves act on the surrounding air, like the ex- 

Show bj figure how a string vibratea in partaJjCim a string' ribrate in 

parts, and also as a whole at the same time^Whlt are the nodes f What 

" ' \ are the parts between the nodes called ? Why are the sounds thus produced 

called Jkarmonict f > , State how a oolomn of air yibrates. j How are the wares 

excited! ^^ 
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earsioiis of a stiing. The vibrations in a tabe are produced, 
^ther by a stream blown across an opening in it, as in the^tfte, 
or by a reed of wood or metal, as in the clarinet. Each of these 
modes is employed in the construction of organ-pipes. 

308. The same is true of a column of air as of a string, 
namely, that according as it is longer, there are fewer vibrations 
per second, and therefore the pitch is lower. It is obvious, that 
the number of vibrations is diminished as the length is increased, 
because the waves have a greater distance to run. Many wind 
instruments illustrate this hct All the sounds of the scale are 
obtained from a flute, by lengthening and shortening the column, 
which is effected by opening or closing the holes with the 
Angers or keys. A column of air also, as well as a string, can 
vibrate in parts, the waves running back and forth through each 
halfy or each thirdy <§?c., instead of through the whole. This is 
accomplished in the flute, by blowing more swiftly. As the 
force of the breath is gradually increased, the sound will sud- 
denly change from the former note to its octave, the colunm 
then vibrating in halves ; then, by another sudden change, it 
springs to the fifth of the octave, the column then vibrating in 
thirds, and sp on. With aU 'holes closed, four or five harmon- 
ics are easUy produced. The points of division between the 
vibrating portions are called nodes, 

300. Chords and discords, — ^It is well known, that some 
sounds are agreeable when falling together upon the ear, and 
others disagreeable, although in each case the sounds themselves 
are equally pure and pleasant. Sounds which form a pleasing 

combination are called chords, those which form an unpleasant 

- 

Examples of each?} Mliat effect has length on pitch! How is a flute 
made to give different sounds t How when the same holes remain stopped t 
<^ Define ehard^ , Diecord, 
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eombiiMtion ace caDed discords. It ia found that the concord 
ance or discordance depends on the frequency of coincidence in 
the vibrations of the two sounds. The most perfect chord is 
that of a note and its octave. In this case, there is otic vibra- 
tion of the lower sound, while there are two of the higher ; hence 
the vibrations coincide at every vibration of the lower note. 
After the octave, the next most perfect chord is that of the 
J^ih / ttpo vibrations being made by the lower note, while three 
are made by the higher. Thus the vibrations coincide at every 
aecond vibration of the lower note. But if a note and its second 
ara sounded together, they grate harshly upon the ear. Here 
eiffht vibrations are made by one, while nine are made by the 
other,- and the coincidences are so distant as to produce a dis- 
agreeable roughness. 

310. A sucoeasion of agreeable combinations constitutes kar- 
many. Discords, however, are not entirely rejected from mo- 
ttc; a combination which would not please, if prolonged, or 
used to close a passage, may, if skilfcilly introduced, greatly re- 
lieve the effect, and prevent the sameness of a series of perfect 
chords. 

31 1« Interference of sounds, — Whenever two or more 
sounds are moving in the air together, the particles have move- 
ments which are the resultant effect of the separate motions due 
to each sound. These motions may conspire or they may op- 
pose each other. The word interference is used in general to 
express the combined effect in any case. The heats which some- 
times occur, when two sounds reach the ear together, are the 



What is the most perfect chord? "What vibrations coincide? When the 
9eeond vibration of one sound coincides with the iMrdof another, what chord 
is produced ? Give an example of discord, and state what vibrations coin- 
cide! VnWhat is harmon/yf Are discords of use in music? What ia meant 
by intmerenoe t How are hioti produced I 
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effect of interference in the case where the coincidences of two 
systenas of waves are so far apart as to be heard separately. The 
beats are at those moments when the. condensations and the 
rarefactions of one sound coincide with those respectively of the 
other. At points of time half way between the beats, the 
sound is faintest, becan':e the condensations of one system of 
waves coincide with the rarefactions of the other, and they par- 
tially neutralize each other. It is possible^ by a delicate mode 
of experimenting, to make two systems of waves, which are ex- 
actly alike, come together with opposite phases coinciding, and 
thus destroy all motion, and of course all sound. In this curi- 
ous case, two sounds produce silence^ on the same principle that 
two systems of water-waves may produce level water. 

313* Nodes. — ^It has been mentioned, that in the harmonic 
sounds of strings and columns of air, the vibrating segments are 
separated by points of rest, called nodes. There are many forms 
of bodies, which produce sound, that can vibrate in no other 
way except in parts ; and in these cases, nodal lines and nodal 
points, of course, must exist. 

313, The bell is an example. Each cir- 
cular ring of metal is changed into an ellipse ^' ^^^' 
(Fig. 114), and then, as the arcs return and 
go by their position of rest, another ellipse is 
formed, with its longest axis at right angles to 
the former. There are, of course, four points 
of intersection, A, B, C, D, 90® apart; these 
are the nodes. As this is true of all the rings 
which compose the bell, there are four nodal lines, or lines of 




Ca& two sounds destroy each other? How must phases come together? 
What are nodea, in general ? Give an example in the bell. Can it vibrate 
withota nodfs I How does it give diiferent sounds 1 

8* 
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rest, extending from the Buromit to the edge. The lowest tone 
which the bell can give, is produced in the manner now de- 
scribed. But a belly especially a large one, as a church bell, 
nsuallj gives one or two higher tones, which may be fiuntly 
beard. These are caused by a greater number of vibrating 
segments. 

81 41* Chladnffs platet furnish another very interesting case. 
They receive their name from Chladni, a German, who first 
published an accomit of the experiments. Let a square plate 

of glass or metal be fisistened at its 
center by a screw (Fig. 115) in a 
horizontal position ; then let a lit- 
tle writing-sand be scattered over 
it, and a bow drawn on its edge, 
so as to bring out a musical tone. 
The sand will dance rapidly over 
its surface, until it finds the nodal 
lines, where it will rest. By varying the action of the bow, and 
moving to different places the point of fixture, nearly a hundred 
forms of nodal lines have been obtained from the square plate 
alone ; and every new arrangement of the lines corresponds to 




» 



» 






a new musical tone. Fig. 116 shows four of the forms. Chladni 



•^,^. Describe the experiments with Chladni's plates. Whst change aocom- 
^ panies a change of pitch ? How many fonns of yibrating with the aqnare 
plate f How does a table increase the sound of a tuning-fork ? 
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tried plates of many different shapes, and foand nnmeroiu sys- 
tems of lines peculiar to each. 

3 IS. When a tuning-fork is made to vibrate, and the stem 
of it is touched to a table or other extended surface, the sound 
becomes much louder. This is caused by the vibrations of the 
fork being communicated to the table, and thence to the air* 
But in all such cases, the table divides itself into a system of 
vibrating segments, separated by nodal lines. If a fork of a 
different key be applied, the table will divide differently, so as 
to give the same tone as the fork. And thus the same surface, 
may be made to give forth different tones without number. On 
the same principle, the case of the viol and the guitar is made 
of thin elastic plates of wood, for the purpose of giving fullness 
to the sounds of the strings. 

Can it do the same for a fork of different pitch 7 How? The use' of fb« 
MM to the violin f 
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CHAPTER L 

WTBSt PBIK0IPLI8. — THB XLXOTRIOAL MACHIN8. 

318* Indications of electricity. — ^Electricity is the name 
given to a certain fluid existing in all matter, bat which be- 
comes apparent only when its equilibrium is disturbed. The 
first manifestation which electricity makes of itself is in causing 
attractions and repulsions. If a glass rod, dry and warm, be 
rubbed with dry silk, and then presented toward small light 
bodies, as bits of paper or pith, feathers or straws, they will fly 
to the rod, and sometimes cling to it, but in other cases are im- 
mediately repelled. The silk, to some extent, exhibits the same 
power to attract and repel. The rod and silk in this case, are 
said to be excited. Other bodies, which, receive electricity from 
them, are said to be electrified, 

317. Meetroscopes, — An electroscope is an instrument in- 

• tended to show the presence of electricity, though in very small 

quantity ; an electrometer is used for measuring the quantity. 

^ ^ What are th^ first manifestations of electricity? Describe the elementary 
experiment. In what state are the rod and silk ? If other bodies receive 
electricity from them, what word describes their condition f^Define 6leeir(h- 
iieope, " J\ 
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The simpleet electroscope is a delicate pendu- ' 
Inm (Fig. llf) made of a fine silk thread and a 
pith-ball, hanging from a snpport usaaljy made 
of glass. A more sensitiTe kind is the gold-Uaf 
or tilver-leaf electroscope {Fig. 118). It con- 
sists of a small glass receiver, into the top of 
which b cemented a brass rod having a ball up- 
on it, and two strips of gold or silver leaf sus- 
pended from it within the receiver. An excited 
or electrified bod; bronght near the ball causes 
the leaves to separate. For many purposes, it 
is convenient to nse two pith'ball pendulums, 
han^ng wde by side from a conductor. ■ ^ 

31S. Mode of esKtling eleetricity. — When' Hg. iiB. 

electricity is by any means made to manifest it- 
sel^ it is said to be excited or developed. Al- 
tbongb there are several ways of doing this, 
the asnal method of exciting electricity mechan- 
ically is by friction. Thos, glass rubbed with 
ulk, or sealing-vrax rubbed with flannel, instantly 
derelopes electricity. A dry sheet of paper) 
mbbed with india-mbber, adheres to the table, 
makes a crackling noise when pulled off, and, if 
applied to the wall of the room, clings to that also. The use 
of a clothes-brush on warm clothing in cold, dry weather, ex- 
cites electricity, which is sometimes perceived by the crackling 
sound which it occasions ; and more frequently by the dust 
flying back upon the garment. Though a few substances, such 

Describe the simplest kind. A more sensiUre kind. Hov la it ftfTectcd 
by m electrifledboclyf. What ialhenanaiwayof B»eiting electricity ( QiTc 
ezHmplei. -^ *• 
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as glaaa, resinoiiB gums, silk, flannel^ &c., are preferred iar dec- 
trioal experiments, yet it is found that electricity is excited by 
the firiction of all substances without exception. It is for this 
reason that electricity developed by mechanical means is often 
called frietional electricity, in distinction from that modified 
condition of the fluid, called galvanic electricity, which is excited 
by chemical means. 

'Sin. The two electricities, — When friction has taken place 
between two bodies, they are found to be very different from 
each other in their electrical conditions. Hence, according to 
the generally received theory, there are supposed to be two 
electric fluids, which ordinarily are mingled and neutralized, 
but which, by friction, and in other ways, are separated, and 
thus rendered active. The two fluids are called the vitreous 
electricity, and the resinoua electricity. In the experiment 
. already described, one is found on the glass, the other on the 
silk ; and so in all cases of friction : the vitreous is on one, 
the resinous on the other, of the two bodies rubbed together. 
If glcus be rubbed by almost any other substance, it takes the 
vitreous electricity ; and the name vitreous is given to it for 
that reason. But if a rod made of resin be rubbed by various 
substances, it generally takes the other kind of electricity, which 
is therefore called resinous. The theory of two fluids is usually 
called Du Fay's theory, from the name of its author, Du Fay^ 
of France. 

330. Franklin, of America, proposed a theory of one fluid, 
which will equally well explain most electrical phenomena. 
According to Franklih's theory, all bodies, in their natural con- 

^ )» What are the two forms of electricity called f Why is the first called frie- 
tional electricity! What is the theory generally received f What are the 
l^names of the fluids t Why are these names given ? tyWhose theory is it? 
;^, State Franklin's theory. ^^ 
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dition, possess a certain share of electricity, and show electrical 
excitation only when they have either mare or le9% than the nat- 
ural share. In the first case, they are said to be electrified ^xm- 
iively, and in the second, negatively. A body which has vitre- 
cus electricity, according to Da Fay's theory, is the same as a 
body positively electrified, according to Franklin's ; consequent- 
ly, a body having the resinous electricity, is the same as a body 
negatively electrified. Many writers, who adopt the theory of 
two fluids, make use of the terms positive electricity and negar 
live electricity, instead of vitreous and resinous electricity. 

3S1. Muttial action. — ^Bodies electrified in the same way^ 
repel, and, in different ways, attract each other. If the excited 
glass rod touch the pith-ball of the pendulum electroscope, the 
ball instantly becomes electrified like it, and flies ofl*, and it is 
difficult to touch it again, because it is so actively repelled. 
But if the silk, with which the glass was rubbed, is brought 
near the pendulum, the ball springs to the silk, being attracted 
instead of repelled ; here the silk is negatively electrified, and 
the pith-ball positively. Again, if the ball of the pendulum is 
unelectrified, and a rod of resin, excited by Motion on flannel, 
is brought in contact with it, the ball will as before be repelled 
by it, both being negatively electrified. But if the glass rod is 
now brought near, the ball is attracted by that, and it is also 
attracted by the flannel on which the resin was rubbed ; in 
these cases, th^ pith-ball is negatively,JJie glass and the flannel 
positively electrified. 

393, The electrical force, both the attraction and the re- 
pulsion, is found to vary inversely as the square of the distance. 

What terms correspond to each other in the two theories? What is the 
3 f'Htw of attractions and repulsions ? Describe experiments to prove it. What 
<fAB the law of electrical force as to dutanoe t 
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being in thift respect like the force of gravity. This law was 
first proved by Coalomb, by means of an instrument called the 
torsion balance. 

333, Conduction. — ^Electricity moves with the greatest 
readiness on some substances ; they are therefore called conduc- 
tors. The metals, water, the bodies of animals, and most min« 
eral substances, are good conductors. But, on the other hand, 
there are many substances on which electricity does not move 
at al), or only with great difficulty ; these are called non-condttc- 
torSj and sometimes insulators, because the fluid can be confined 
in its place by means of them. The most perfect insulators are 
gum lac, and other resins, sulphur, glass, silk, hsdr, wool| feathers, 
the air. Copper is regarded as the most perfect conductor, and 
gum lac as the most perfect insulator ; and between these two 
extremes, there are all degrees of conducting power. Many sub- 
stances owe their conducting quality chiefly to the water which 
they contain, as, for example, wood, which usually has more or 
less moisture in its pores. Wood which has been baked till 
the moisture is driven out, and then varnished, to prevent its- 
imbibing more, is rendered a non-conductor. The air is gen- 
erally an imperfect insulator, because of the dampness contained 
in it. 

Those parts of electrical apparatus in which the fluid is to be 
kept from escaping, are insulated by being mounted on glass 
pillars, and sometimes by being suspended by silk threads. 

334:« Electricity at the surface. — In the natural condition of 
bodies, every particle is supposed to have its own supply of the 

By what instrument was this proved ?|} 7 What are conductors f What are 
] 'fnon-conductors t What other name for tne latter ? Name some of the prin- 
cipal substances of each class. Whafc ia the bes t conductor? The best in« 
■ulato.rf How is apparatus mounted that it maj retain the fluid? When a 
^ C boHj is electrified, in what part of it is the fluid t 



FIBST PBINCJIPLEB. 185 

electric fluids. Bat when a body is electrified, the single fluid 
with which it is charged lies at the surface of the body, and not 
at ail within the surface. Hence, electrical conductors, when 
hollow, will contain just as great a charge of electricity as when 
solid. For the sake of lightness, therefore, the conducting parts 
of iustruments are usually made of sheet brass. For this rea- 
son, the capacity of a body for containing a charge of electricity^ 
is measured by the number of square inches of its surfape, and 
not by the number of cubic inches of its material. For example, 
let a wide metallic ribbon be rolled up into a compact cylinder, 
and have as full a charge of electricity as possible communicated 
to it. An electrometer set upon it will show the intensity of 
the charge. If now, the ribbon be gradually unrolled, so that 
the same ^unount of matter has more and more surface, the elec- 
trometer falls, showing a less and less intensity of charge ; and 
when the ribbon is again rolled up, the electrometer rises to the 
mark of highest intensity. 

33tS* Unequal distribution on the surface, — There is only 
one figure on which the electric charge will be spread equally 
oyer every part, and that is, the sphere. On bodies of every 
other shape, the intensity will vary, being in general greater as 
the parts are more prominent, and approach more to a point. 
Thus, if a conductor has the form of an Qgg, the electricity will 
collect most at the smallest end ; and then more at the large 
end than around the middle, where the intensity will be least. 
And if the extremity is sharply pointed, the electricity will 
there become so intense as to escape. Hence, in order to re- 
tain electricity on an insulated conductor, it must be free from 

Why are metallic instruments for electricity made hollow ? State the effect 
of enlarging the surface. Describe the experiment. When is the distribu- 
tion equal ? How distributed in other cases? Describe the case of an egg« 
shaped bodjr. 



■lu«p edge* utd pointa. The metallic parta of apparatos m* 
therefore ronnded into cylindrical and spherical abapea. 

S96. Cao rye htid itg n tiu tutfaet by cht air.— The mntiial 
repetlency of electrical paiticlea, which drives them to the anr- 
Gu« of a condactor, tends to make them e«c^>e from it in all di- 
rections ; and the; would do Bo, if not prevented by the preason 
of the air. If one extremity of an insulated conductor extend 
into the receiver of an air-pnmp,-and the air be then remoTed, 
the electricity cannot be kept on the condactor, and the moat 
abondant aopply commnnicated to it bils entirely to electrify it 



337. The ekelrual machine. — The propertjee of electricity 
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« 

now considered enable as to understand the construction of ibe 
electrical machine. This instnunent is intended to develop 
electricity as conveniently and rapidly as possible by the fiiction 
of glass. Fig. 119 is one of the forms of the j>fate machine, A 
is a thick circular plate of glass, nsnally between 1^ and 3 feet 
in diameter, supported by a m^allic axis on two pillars of baked 
and varnished wood, and fiimished with a crank for taming it. 
There are rubbers of leather at top and bottom, pressing against 
both surfaces of the glass. At C is the prime ecnductor^ made 
of hollow brass, and insulated by glass supports, not represented 
in the figure. There are sharp points on the prime conductor 
near the glass, for transmitting the fl.uid ; but aU other parts are 
rounded, to prevent waste. Silk covers also protect the glass 
between the rubbers and the points of the conductors, that the 
electricity may not escape into the air. The vitreous elec- 
tricity excited on the glass causes a vitreous chaige on the 
prime conductor, where it is retained for use. 

338. In the cylinder machine the glass is a hollow cylinder, 
whose length is greater than its diameter, and the rubber is ap- 
plied to the convex surface on one side, while the points of the 
prime conductor are presented to the opposite side. Small 
machines are often of this construction. 

339.. When the glass of the electrical machine is turned, 
the friction between it and the rubbers causes a separation of 
the fluids. The vitreous lies on the glass, while the resinous 
follows the conducting pillar of the rubbers to the earth. Some- 
times the rubbers are insulated by a glass pillar; and. in that 
case, a chain must be suspended^ from the rubbers to reach the 

Describe one form of electrical machine. What are the names of the two 
kinds ? Which kind naed for small machines ? Describe the operation of 
tbe machine. Where is the developed electricity kept! Whj are points at- 
tached to the prime conductor I 
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floor, in order to conduct oJQT the resinous electricity. The 
vitreous electricity of the plate attracts the resinous from the 
prime conductor, so that the latter is left charged with vitreous. 
The points on the prime conductor facilitate the passage of the 
fluid to the glass (Art. 325). 

SSO. An electrometer set upon the prime conductor shows 
the intensity of the charge. The electricity is more rapidly de- 
veloped if the rubbers are coated with some metallic prepara- 
tion, as an amalgam of zinc, tin, and mercury, or ^ compound 
of sulphur and tin, called the bi-sulphuret of tin. When an 
electrical machine is in good working condition, the prime con- 
ductor will be as fully charged as possible in one or two revo- 
lutions, and the electricity will then escape with slight cracMing 
and hissing spunds into the air, and in a dark room the escaping 
fluid is visible in the form of delicate brushes of light. 



CHAPTER n. 

SLSOTRIOAL IKDUCTIOH.-^^-THB LBTDEIT JAB. 

331. Electrified by induction, — ^When a conductor is insu- 
lated, and placed near an electrified body, yet not in communi- 
cation with it, it nevertheless becomes electrified by the sepa- 
ration of its own electricities, and is said to be electrified by 
induction. Thus, let the body A (Fig. 120) be positively 

How is the iotensity of the charge indicated f How soon is the pnme 
conductor charged as AiU as possible f What becomes of the excess ? What 
) (^tffeci is produced when an electrified body is placed near one not electrified t 
^ How is the effect shown f What is this effect called f 
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electrified, and let the eondnctor 
B, resting on insniating supports, 



x>, rc»uii^ oil iiisiiiniiiiig suppuna, # ^ t^ n 1 t v 

be brought hear, but not so near /^ ' j^ | j^ ' J^ 
as to receive any electricity from 
A. It will be found that the 
nearest end of B is negatively 




^ 



electrified. If electroscopes are attached to different parts of 
B, those at the extremities wiD diverge most, and the others 
less and less toward the middle, where there is no sign of elec- 
tricity. If the electricity is taken away from A, then B loses 
all indications of electricity, although it remains insulated. 
Again, let A be n^atively .electrified, then the nearer end of B 
will become positive, and the remote end negative. In general, 
the end nearest to A is always chaiged unlike A, and the re- 
mote end is like A. 

333. Induction is explained thus. If A is positively elec- 
trified, then the vitreous fluid on A attracts the opposite, that 
is, the resinous fluid of B to the nearer end, and repels the fik6 
kind (the vitreous) to the remote end. K A is removed, or if 
it loses its charge, then the two fluids in B mingle together 
again, in consequence of their mutual attraction, and B returns 
to its natural condition. On the contrary, suppose A to be 
charged with the resinous fluid ; then it attracts the vitreous of 
B to the nearest, and repels the resinous to the furthest ex- 
tremity. Thus, in each case, the latent electricities of B are 
separated from each other by the attracting and repelling force 
of the electricity contained in A. 

1. The principle of induction explains why an electrified 



What is the oondition of the nearer part ? Of the remote part ? Explain 
whj. Does the bodj remain in thia condition after the electrified body ia re* 
moved? Whyt 



190 



ELBOTBforrr. 



Flf. ISL 



body always attracts a light body not electrified. The ligh( 
body 18 first electrified by indaction, the nearest part unlike, 
and the farther part liksy the electrified body which is brought 
near it. The near part is therefore attracted, and the farther 
\ part repelled ; and according to the law of distance (Art. 322), 
the attraction is greater than the repulsion, and the body yields 
to the greater force. 

3S^ The Leydenjar,—^Thui instrament, so named from the 
city where it was invented, is a bottle (Fig. 121) covered both on 

the inner and outer surface with tin-foil, to with- 
in about three inches of the top. Through the 
cover passes a wire which touches the inner doat- 
ing, and has a ball on its summit It is u&ed for 
accumulating large quantities of electricity by 
means of induction. In the experiment de- 
scribed (Art. 331), only small suifaces of A and 
B are brought near each other, and these not 
nearer than three or four inches, lest the fluid 
should pass across from one to the other. Sup- 
pose the adjacent surfaces of the two bodies to be expanded 
into many square inches or feet, and brought close to each other, 
while a plate of glass is interposed between them, so that the 
electricity cannot pass across ; then the attractions and repul- 
sions become vastly increased, and may be employed for con- 
densing the fluids in large quantities. The Leyden jar has such 
a construction ; the two coatings are extended metallic surfaces, 
yery near each other, and yet the glass between them preyents 
the electricity from passing from one to the other. 




"Why does an electrified body always attract one not electrified f Describe 
\ the Leyden jar. What is its use ? Why- is the inductiye influence greater 
than in the case described ? Why may the conductors be brought so near 
•ach other? 
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•S3«l. The jar is cliarged by bringing the knob near to the 
prime condactor of the machine while in operation, the outer 
coating being held in the hand, or in some other way being in 
communication with the earth. A series of sparks, more or less 
in number, according to the size of the jar, will pass from tiie 
prime conductor to thie knob, until at length they will cease, 
when the jar is fully charged. To discharge it, use the dts-^ 
eharging-Tod (Fig. 122), which consists of ben£ rods terminated 
with balls, and hinged together upon an insu- 
lating handle. On applying one ball to the 
outer coating, and the other to the knob of 
the jar, the discharge takes place with great 
suddenness, accompanied with a brilliant 
flash and a sharp report. The jar may be 
discharged, however, by connecting the inner 
and outer coatings by any conductor what- 
ever. The two electricities, which are con- 
densed, one in one coating, and the other in the other, rush vio- 
lently together, as soon as a conducting circuit gives opportunity. 

If one hand is touched to the outer coating, and the other to 
the knob, then the discharge is made through the body, and 
causes the sensation called the electric shock, 

S38. When the knob is held to the prime conductor, and 
the outer coating is connected with the earth, as already de- 
scribed, the jar is said to be charged j90^72tv/y ; but if the out- 
side were brought to the prime conductor, and the knob held 
in the hand, it is negatively charged ; the chaige in each case 
being named from the condition of the inner coating. 

How is the jar charged ? How is it discharged f Describe the discharging- 
rod. Can the discharge be made without it? How is the shook received f 
When is the jw potUivdy charged ? When negaiiifot^ t 
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\ Charging of the jar explained. — ^The process of cbar^ 
ing a jar is explained as follows. The first sparks of the vitreous 
fluid which pass into the inner coating, repel the same kind 
from the outer coating to the earth, and attract the 'resinous of 
the outer coating more closely to the glass. The resinous fluid 
now on the outside attracts the vitreous of the inner coating 
more closely to the glass, ^ving room for more sparks to pass 
from the prime (fonductor to the inner coating. This additional 
quantity within expels more vitreous from the outer coating to 
the earth, and attracts more resinous from the earth to the out- 
side ; and so on in a diminishing series, till the jar is charged. 

338. Without this mutual inductive influence between the 
two coatings of the jar, there would be no more accumulation 
on its surface than on the prime conductor. This is proved by 
setting the jar on an insulating stand, and then presenting the 
knob to the prime conductor. Two or three sparks pass to the 
inner coating, and then the process stops ; for, in this case, the 
vitreous fluid on the outside remains to repel the vitreous of the 
machine, and prevent any farther accumulation. 

« 

339. Phenomena of the jar. — ^The jar may become so in- 
tensely charged that it will discharge spontaneously, the spark 
passing over the edge of the glass, with a flash and report. If 
the glass is damp or much soiled, the spontaneous discharge 
will take place silently, or with only a hissing noise, nearly as 
fiist as it is charged. 

340. If several jars are insulated, and the outside of the 

first is connected with the knob of the second, the outside of 

the second with the knob of the third, and so on, the outdde 
«■ i. » 

Explain the process of charing the jar. Why can more electricity be ob- 
tained than on the prime conductor ? How must the two coatings be con- 
nected ? State the effect when the jar is on an insulating stand. How is the 
jar diicharged spontaneously ?^ Describe the charging of a aeries of Jars. 
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of the last one alone being connected with the earth, then the 
whole series will be charged as soon as the first is, and without 
requiring any more electricity from the machine. This is because 
the vitreous fluid driven from the outside of the first jar goes to 
charge the inside of the second, and so of the others. Hence the 
charging of the first causes each one of the series to be charged, 
though the intensity is less from jar to jar through the whole. 

341. If two jars be charged in 
opposite ways, and set upon a ta- 
ble, and a pith-ball be suspended 
'jy a long thread between the knobs, 
it will vibrate from one to the other 
for a long time {Fig. 123). It will 
first move to the knob which hap- 
pens to attract it most strongly, 
when it becomes electrified like it, 
and is repelled and attracted by the 
opposite electricity in the other. 
It then loses its former charge, 

and becomes electrified like the knob which it touches, so as to 
be repelled again. The electrical spider, the see-saw, the rinfjf- 
ing hells, &c, are experiments of the same character. 

343. If a jar with movable coatings is charged, the coat- 
ings may be taken away without removing the charge ; and if 
other coatings are applied, the jar may then be discharged as 
well as by the first pair. This is because the attraction between 
the two fluids holds them closely upon the glass, while the coat- 
ings are exchanged. 




Why is no more fluid from the machine needed than to charge one f De- 
scribe vibration experiments with two jarsj 'If the coatings of ft charged 
jar are removed, is the electricity removed r Why? 
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t. A jar will retain its charge in pore dry air for days 
and even weeks, because the attraction between the two kinds 
of electricity on opposite sides of the glass, prevents their dissi< 
pating in the air. But electricity, when not thos held by the 
indactive force, will soon escape ; as, for instance, the charge of 
the prime conductor will remain only a few minutes, since by 
its own repellency it tends to fly off in all directions, and there 
is no attractive force to prevent 

S^-ft. The electrical battery, — Jars are of various sizes; but 
rather than to make one very large, it is more convenient to 
unite several in a box, called a battery. The outside coatings 
are all connected by lining the box with tin-foil, and the inner 
coatings by wires joining to one stem or ball. Four, nine, or 
twelve jars are thus often united in a battery. 

34LtS. Tlie electropkarus, — This instru- 
ment is sometimes used as a small electrical 
machine. It consists of a flat cake of resin 
in a wooden base A (Fig. 124), and a metal- 
lic disk B, having an insulating handle. The 
I. resin is first rubbed with fur, and becomes 



^ excited with the resinous electricity ; the disk 

is then set upon it, and touched with the fin- 
ger. If the disk is now raised by the handle, and the knuckle, 
or any conductor brought near, a brilliant spark leaps to it from 
the disk. Place it again on the resin, touch it, and then take 
it up as before, and another spark is drawn from it ; and this 
may be repeated hundreds and even thousands of times ; and 
after the instrument has stood for hours, it is still ready to oper- 

Whj will a jar remain charged a long time ?\Ax>escribe the battery. Ex- 
plain the construction and operation of the eiectrophorus,^ Is the charge 
of the resin wasted by inducing the charge upon the disk ? 
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ate equally well without being again excited. The principle 
of induction explains its action. When the disk is placed on 
the resin, and the finger touched upon it, the resinous fluid at- 
tracts the vitreous from the earth into the disk, and holds it 
there until the disk is raised, when the vitreous charge can.be 
taken off. On setting down the disk and touching it a second 
time, the same process is repeated ; and thus a single charge on 
the resin may draw from the earth as many vitreous charges as 
we please, without being wasted at all itsel£ 

34:0. The gold-leaf electroscope, — ^This article was described 
in Art. SlY ; but its action can be explained only on the prin- 
ciple of induction. Let a glass rod be excited by rubbing it with 
silk, and held near the knob of the electroscope ; then the vitre- 
ous electricity of the rod repels the vitreous of the knob into the 
leaves below,' and at the same time attracts the resinous from 
the leaves up to the knob ; thus the leaves are both charged 
with the same fluid, and repel each other. The same effect 
would be produced by bringing near to the instrument a body 
charged with the resinous electricity ; the leaves in that case 
would be electrified with the resinous fluid, and so, being alike, 
repel each other as before. 

Use the principle of induction to explain the action of the gold-leaf elec- 
troscope. 
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CHAPTER HL 

BTTBCTS OF XLSCTRICAL DI80HAROES. 

S4T* Luminaus effects. — Electricity occasions light when- 
eTer it passes in sufficient quantities through non-conductors. 
Thus, if a wire terminating in a ball be presented to the prime 
conductor, when the machine is in operation, a spark of white 
light darts across the interval occupied by the air ; but if the 
wire is brought into contact with the prime conductor, no light 
appears. It is the obstructing air which occasions the light; 
if the air is more dense, the light is brighter ; but if it is rare- 
fied, the light becomes gradually fainter, and ceases* altogether 
when the fluid passes through a vacuum. 

348. Modifications of the light, — ^The brightness and color 
of the light are varied in many ways. The short sparks from 
the prime conductor to a ball are straight and white ; the long- 
est which can be taken are crooked, and of a purplish tint. If 
a pointed wire is attached to the prime conductor, the electricity 
flows off in a delicate brush of light, too faint to be seen except 
in the dark As air is rarefied by the air-pump, the color grad- 
ually changes from white to violet, and grows faint and more 
diffused. A spark sent through the vapor of ether is green ; 
through the vapor of alcohol, it is red or blue. The discharge 
of a jar through different solid non-conductors appears also of 
various colors ; as, for instance, through an ^gg it is crimson ; 
through the pith of corn-stalk it is orange, <fec. 

* When does electricity occasion HgM f Effect of changing the densitj of 
the air? Of making a perfect vacuum IL^Ufention circumstances which 
modify the light. What is the color of the light in rarefied air ! Through 
an egg t Pith of corn-stalk f 
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349. Lumittotu Jiffurti. — Since the electricity ib visibls 
whenever there ia the slightest interruption of the condactor, 
luminoos words, and figures of any kind, may be exhibited by 
cementing narrow strips of tin-foil on glass, and then cutting 
minute interruptions in them according to the required arrange- 
ment. The ipiral lube has a line of tin-foil fastened spirally 
aronnd the interior of the glass, iutemipted at numerous points, 
so that, as the fluid passes, it appears like a brilliant coil of light. 
The diamond jar is one whose coatings are int«rrupted in spch 
a manner that the electricity becomes visible all over it, while 
receiving a charge, aod far more brilliantly when discharged. 

3*ro. Mechanical effecti. — Powerful electric discharges 
through imperfect conductors produce certain me- 
chanical effects, such as perforating, tearing, or "*" ^^ 
breaking to pieces. These effects are due to the 
violent repulsion between the electrified particles. 
The air is rent by a dischai^e, the particles being 
suddenly repelled from each other along the line ; 
aud it ia for this reason that there Is so sharp a re- 
port attending the discharge of a jar. Kinnersley's 
instrumeDt (Fig. 125) shows the effect of this sudden 
rupture of the Mr. The rode at the top and bot- 
tom of the instrument being connected with the 
coatings of a Leydon jar, a discharge is made, and 
the spark leaps across the space between the knobs 
in the enclosed air, and causes a sudden pressure 
on the water, driving it up the small tube. If a 
chai^ is sent through pasteboard, or several thicknesses of pa- 

tlov &re lutniBOus Sgnres prodncedt DAcriha the apinU tait. The di^ 
mond Jar./>?WhBt Tadciartical eOecU are prodaced b; large dischu-geal 
WbjT What causes the sharp louDd) Describe Kiimenlej'e instnuDeot, 
andezplaiu. 



198 ELEGTKicrrr. 

per, a perforation is made with edges protruded on each side. 
A minute puncture may also be made through glass ; bat if the 
ehaige is too powerful, the glass is likely to be cracked to pieces. 
Pieces of hard wood, of loaf sugar, and other brittle non-con- 
ductors, are rent in pieces by the charge of a battery. . < 

3A1. When a charge is sent through a conductor, it ordi- 
narily produces no effect, because it is diffused over the whole 
dimensions of the body in passing, and the repellency is there- 
fore small ; but if the conductor is reduced to a slender line, as, 
for example, a thread of mercury in a thermometer tube, then 
the force is limited to so few particles, that they are violently 
driren asunder, and the tube is shattQ^ed^ to pieces. 

9S9. Chemical effects. — ^These are various ; combustion of 
inflammable bodies ; the oxydation, fusion, and combustion of 
metals ; the separation of compounds into their elements ; and 
the reunion of elements into compounds. 

' 9SS. Ether and alcohol are readily inflamed by the spark 
of the machine ; phosphorus, resin, turpentine, &c., may be set 
on fire by the discharge of a jar ; gold leaf and fine steel wire 
are burned by that of a battery. Indeed; any of the metals 
in an attenuated form may be burned ; that is, they combine 
with the oxygen of the air, and form oxides. 

3«S4, Velocity of electricity. — This is so great that no appre- 
ciable time is occupied in any case of discharge. We imagine 
that we see lightning go from the clouds to the earth ; but in 
fact, the whole line is seen at once, and, by a little effort, we 
can seem to perceive it ascending as well as descending. It has 
been discovered by Wheatstone that frictional electricity on 

Are conductors a£fected like non-conductors? Give the reason. Efieot of 
a discharge, through the merourj of a thermometer ? wtate the chemical 
effects. .What velocitj did Wheatstone find eXectricitj- nas on copper wire ? 
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copper wire, one-fifteenth of an inch in diameter, travels at the 
rate of 288,000 miles in a second, a velocity much greater than 
that of light. 

The galvanic electricity nsed for telegraphic purposes, moves 
at the rate of aboat 16,000 mUes per second. 



CHAPTER IV. 

ATMOSPHERIO SLSCTBlOITr. HATUBB OF KLXCTRICITT. 

SSSm Electrified condition of the air. By elevating a tall 
metallic rod, and insulating it, or by sending np a-kite and in- 
sulating the string, it h^ been discovered that the air is gener- 
ally electrified. Sometimes it is in the positive, sometimes in 
the negative condition. In fair and settled weather the air is 
usually positive ; in stormy weather it varies from the positive 
to the negative, and the reverse. But c^nds are more likely 
to be highly electrified than pure air ; and when they are so 
strongly charged that the spark leaps off to another cloud, or 
to the earth, we witness a fiasK of lightning. Dr. Franklin was 
the first ^o observe the many points of resemblance between 
lightning and the discharge of the Leyden jar. In 1749, ho 
published an account of these, and proposed that experimenters 
should endeavor to obtain electricity from the clouds, by erect- 
ing tall iron rods. This was first done by Dalibard in France ; 
and in 1752, he himself performed the usual experiments by 

Can we He whether lightning descends or ascends ? What is the velocity 
of galvafUe electricitj, in conveying telegrams? Hov is the electncal 
J^^eondition of the air ascertained ?/ Jn which way is it usually charged t Who 
first noticed the resemblance between lightning and the spark of ajar? 
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means of electricitj broagbt down on a kite-string daring a 
thnnder-shower. That lightning is identical with electricity is 
acknowledged by all to have been a discovery of Franklin. 

SJlO« TTiunder-itorms, — Clonds are not ail electrified in an 
equal degree. Those of slow formation, especially if they are 
of great extent, are feebly charged ; while such as are more 
limited, and are formed in the midst of violent agitation of the air, 
are most likely to be highly electrified. A storm of this charac- 
ter is caUed a thfUiderstormy because of its discharges of lightning 
and thunder. In general, such storms occur in the hottest sea- 
son of the year, and the warmest part of the day, and they pre- 
vail most in those localities in which warm moist air is borne 
from the ocean over an uneven, especially a mountainous coun- 
try. The storm is not supposed to be caused by electricity, but 
to be produced in the same manner as other storms, while the 
electrical phenomena are due to some peculiar circumstances 
attending their formation. 

SS7. Lightning and thunder, — If a cloud, as it is forming, 
becomes electrified^ with rapidity, its accumulated electricity 
acts by induction on other clouds, and on the earth, causing 
their nearer parts to be electrified in the opposite manner, in 
consequence of which attraction exists between them, so that 
the two fluids tend to rush together ; and when this takes place, 
the bright electric spark is seen as lightning^ and the violent 
rending and collapse of the ur is soon after heard as thunder. 
The line of discharge has the same crinkled form as the longest 
sparks from the prime conductor. This is supposed to arise 
both from tLe condensation of air, which impedes the motion. 

Did he first proye their identity ? Was he then the discoverer of itf When 
are clonds most likelj to be .charged with electricitj? Does electricity oauH 
the itorm? What effect does an electrified cloud produce on other bodies! 
What is lightning ? ^ What is thunder f Why is lightning crooked ? 
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and turns the flaid aside continually into new directions ; and 
also from the arrangement of conducting particles which may be 
floating in the air. The inequalities in the sound of thunder 
are in part due to the crookedness of the line, which causes dif- 
ferent parts of the path to be at various distances from the ear, 
and the sound comes sooner as the distance is less, while from 
all equidistant portions, the sound comes at the same time with 
increased loudness. But the echoes^ produced by clouds, hills, 
&c., are likewise concerned in occasioning both the prolonga- 
tion and the reverberations of thunder. 

3S8. As the two electricities, one in the cloud and the other 
in the earth, attract each other, and at length leap forth and 
mingle together in the intervening space, there is just as truly 
a motion from the earth as from the cloud ; hence, if injury is 
done, it is by the ascending rather than by the descendinr/ cur- 
rent. The injury is caused by the great quantity of fluid, and 
the inconceivably short time in which it passes. It is proved 
by experiment that the discharge of a largo battery will not 
harm a person, if it can.be made to occupy as much as a second 
or two of time in passing through him. 

3S9m The words chainrlightning^ sheet-lightningy and heat^ 
lightning, are not supposed to indicate any real differences in 
the lightning itself, but only in the situation of the observer. 
If he sees the line of discharge, it is cAazV^lightning ; if only the 
light which proceeds from it, «^ee^lightning ; and if, in the even- 
ing, the shower is so far off that the thunder is not heard, but 
only the light of its discharges is discerned along the horizon, 
this is called AM^]ightning. 



"Why is the sound of thunder so irregular? Which way does the fluid 
move in fact? Why does it injure persons ? How may the discharge of a 
battery be made harmless ? Explain the tUlBferenee between different sorts 
of lightning. ^/ ^ 

9* 
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^ Lightning-rods, — Franklin first proposed to defend 
boildings and persons from the injurious effects of lightning by 
the use of iron conductors, imbedded in the earth at the lower 
end, and at the top being pointed, and projecting as high as 
convenient into the air. These rods, being better conductors 
than the animal system, and the principal materials of houses, 
would therefore be most likely to become the channels of com- 
munication for electricity between the earth and clouds. The 
points at top cause the fluid, which is attracted up into the 
rods, to flow off easily to mingle with the opposite electricity 
above. Thus, the union of the two fluids is effected continu- 
ally and silently, as long as the electiified cloud remains near. 
The purpose of the lightning-rod is not, therefore, so much to 
give direction to discharges of lightning, when they occur, as\o 
prevent lightning to some extent, by carrying on a silent .com- 
mingling of the two electricities. And a large number of rods 
in a village does almost entirely prevent lightning from striking 
within its limits. 

361. All extended metallic masses about a building, such 
as tin roofs, water conductors, ^indies of bell-wires, «fcc., should 
be connected with the lightning-rod and with the earth, so as 
to allow the fluid to divide and follow these conductors, with- 
out doing damage at interruptions. 

363. Protection of the person, — The best situation for 
si^fety in a thunder shower, is to be near a good conductor, 
which extends into the earth, and to a considerable height in 
the air ; in ather words, to be in the vicinity of one or more 
good lightning-rods. If a building is not furnished with a rod, 

*-Vi Whj do Ughtning-roda protect ? What particulars should be attended to 
"' in putting them up ? State the effect of many rods in a town. What should 
be done with regard to tin roofs, &c. ? Explain the reason. How is the 
^person best defended! 
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it is safer to be in the middle of a room than near the walls ; 
and to sit rather than stand ; because, in this way, a person is 
less likely to form a part of a line of conductors through thQ 
building. To dress in silk, or to lie on a featherbed, or simply 
to be in contact with a non-conductor of any kind, affords no 
protection whatever, because the lightning will follow a line of 
conductors just as freely among non-conductors as elsewhere. 
Non-conductors are no defense except when they envelope the 
person to a considerable extent on every side. 

3G3. Nature of electricity, — It is customary to describe the 
phenomena of electricity as though they were caused by the 
movements of one or more fluid substances. This supposition, 
however, is not made, because philosophers know that electricity 
is material, like water or air, but only to give definiteness to the 
statements which are made. There is no proof that electricity 
possesses any of the common properties of matter, such as im- 
penetrability, inertia, or gravity. Sometimes light, heatj elec- 
tricityy^SLud magnetism, are called imponderable substances, that 
is, substances without weight But it is quite probable that ail 
of them consist of vibrations in some ether or subtle fluid that 
fills space. Sound is not a substance, but consists of vibrations 
in air or some other medium. And it is at the present day 
considered almost certain that light is not a substance, but only 
a system of undulations in a delicate ether which exists every- 
where. In like manner, perhaps evidence will at length be ob- 
tained, that electricity and magnetism are not fluids, but only 
rapid motions in some invisible fluid or ether. But unti| such 
evidence is found, a clearer knowledge of the facts will be con- 

III I - iBi-ri- — 

How, when in a house without rods? Do non-oonductors defend? Why? 
t *• Lis it known that electricity is a atibstanee f Why discussed as if it were % 
What are the im^n<;^a&^ substances ? What is probably their nature! Is 
tound a substance ? What is it ? 
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to tbe ptqHl* by eoBflidering electricity and magnetism 
m ftndt whkli possess the power of attracting and repelling, of, 
moviBg frcMn pbee to plaee, and of adjusting themselves in a 
of eyiilihrimn aoooiding to certain laws. 
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CHAPTER L 

GSHISAL FS0PXBTIE8 09 MAOHXTB. 

304. Definitions and remarks. — ^A magnet is a bodj, eith^ 
natural or artificial, which possesses the property of attracting iron, 
and of placing itself when free to move, in a certain position in 
relation to the earth. The natural magnet^ called the lodesUme^ 
is an oxide of iron sometimes found among ores, having the pro- 
perties just named. The artificial magnet is a bar of tempered 
steel of regular form, in which the same properties hare been 
developed. The artificial magnet is usually employed for ex- 
periments, because much more convenient than the lodestone. 

369. There are two points at opposite extremities of the 
magnet, where the magnetic force is stronger than elsewhere ; 
these are called lis poles; and the straight line which joins them 
is called the axis. If the magnet is 
delicately suspended at a point mid- 
way between the poles (Fig. 126), it — ■ 
will generally begin to turn round, 
and after a few oscillations will at 
most places settle itself with the axis 
nearly in a north and south line. 




( Define a mo^n^.'lWhat two kinds? Which is emplojed for experiments! 
^ Define tbeiw^ and the oaew. 
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The end which is directed toward the north is called the north 
pole ; the other, pointing soathward, the south pole. An artifi- 
cial magnet has its north pole marked in some way to distin- 
guish it from the south pole ; sometimes the ends are stamped 
with the letters N and S, respectively. 

3AO« Action of the magnet on iron. — ^When the pole of a 
magnet is presented to a piece of iron which is free to move, 
the iron is drawn toward it ; or, if the magnet is free, it is drawn 
toward the iron ; and if brought in contact, they will cling to- 
gether with considerable force. Both poles act alike in attracting 
iron, and in being attracted by it. Hence, when a magnet is laid 
among iron filings, they will attach themselves about the extremi- 
ties, but in less and less quantities toward the center ; the middle 
of the magnet, where none adhere, is called the neutral poinj^. 

367, The metals nickel and cobalt are also affected by the 
magnet in the same manner as iron is ; but as these substances 
are rare, they are not used in experiments on magnetism. 

3S8, Action of magnets on each other. — When magnets are 
brought near to each other, poles of the same kind repely and 
poles of opposite kinds attract. Thus the north pole of one re- 
pels the north pole of the other, and attracts its south pole ; 
and the south pole of the first repels the south pole of the 
second, and attracts its north pole. In Fig. 127 (left hand), 
the N pole of a magnet is held between the n poles of two 
needles, and repels them ; (right hand), the S pole is held be- 
tween, and attracts them. This law is analogous to that in elec- 
tricity, where like kinds repel, and opposite kinds attract each 

ri How does the magnet place itself when free ? What are the extremities 
called? How marked I -'What takes place when iron is presented to a mag- 
net free to move? A magnet among iron filings? Does a magnet affect any 
other substances in the same way ?/.State how a magnet acts on another 
magnet. Explain Fig. 127. 
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other. And one theory of magnetism resembles Da Fay's 
theory of electricity, in supposing two magnetic fluids, which 
naturally reside in iron in a combined 
state, but which may be separately de- ! ««• • 




veloped, one in one end of the magnet, 
and the other in the opposite end. These 
two fluids are called respectively the bo- 
real and the austral magnetism. The 
earth being regarded as a great magnet, 
the boreal magnetism is supposed to be 
. developed in its northern hemisphere, 
and the austral in the southern^ as the 
words imply. Therefore, a magnet, when suspended, will turn 
the.end charged with austral magnetism towards the north, and 
that having the boreal, towards the south, because opposite kinds 
attract each other. 

369. The law of Hiagnetic force is the same as that of elec- 
trical force, it varies inversely as the square of the distance. For 
example, if the unlike poles of two magnets are brought five 
times nearer together, they attract each other twenty-five times 
more powerfully. 

370. Magnetic induo 
tion. — ^As an electrified body 
electrifies by induction an- 
other one situated near it, so 
a magnet induces the mag- 
netic state on a bar of iron 

brought near to one of its poles. That end of the iron which 

Compare with electricity. State the theory. What are the names of the 
two fluids ? How situated in the magnet ? How in the earth ? State the 
y law of magnetic force as to distance. If' Explain the meaning of magnetic in- 
duction. 
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18 nearest to a pole of the magnet, will be magnetized by tbe 
oppo&ite kind, and the ren^ote end with the same kind. Thoa 
(fig. 128), if the left-hand extremity of the magnet A is its north 
end, the right-han<^nd of the iron needle B is south, and its left- 
band end is north ; and B is now a magnet, being rendered such 
by induction. It is not necessary, however, to place the two in 
one straight line, bat they may be inclined at any angle with 
each other, or even be placed parallel, side by side. Indeed, 
this is the position for the most powerful yinduction, because 
eac8 pole now operates to induce the opposite kind of magnet- 
ism nearest to itself, and the like kind on the distant end : so 
that the iron becomes at least twice as strong a magnet as by 
the action of one pole alone. 

371. Double induction. — If the north pole of a magnet is 
applied to the middle of an iron bar, then two separate induc- 
tions occur ; each half of the bar becomes a magnet, with the 
9outh poles in the middle, and the north poles at the ends. If 
the south pole be applied, then the halves of the iron bar will 
have their north poles at the center. If one pole be applied to 
the center of a star-shaped piece of iron, or of a simple iron cir- 
cle, the extremity of each radius will have the same kind of 
magnetism as the applied pole, while the center has the oppo- 
site kind. Again, if the unlike poles of the two magnets touch 
the extremities of the iron bar, those ends will be unlike each 
other, forming twice as powerful a magnet as by the induction 
of one pole alone. But, if like poles be applied at the ends, 
two magnets are formed, just as when a pole is applied to the 
center. K unlike poles are applied to the same end of a bar of 

niastrate bj Fig. 128. What position is best ? ^ Btate cases of double in- 
duction. Pole on middle of a bar. Unlike poles at the ends. Like poles at 
the ends. Unlike poles at the same end. ^ 
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iron, there arl8 two contrary indactions, which neutralize each 
other, and the iron bar does not become a magnet. 

373, Beflex infliLence, — Since the iron bar, when near a 
magnet, becomes a magnet itself, it ought to*kct inductively on 
the original magnet, and increase its power. This actually oc- 
curs ; and a magnet is in fact strengthened by keeping a piece 
of iron attached to its poles, which thus exerts a reflex influ- 
ence upon it. This proves that magnetism is not imparted to 
iron, but only developed in it. 

373. Coercive force, — Soft iron readily acquires the mag- 
netic state, and as readily loses it ; but hardened steel acquires 
it with difficulty, and retains it permanently. That quality in 
hardened iron and steel, which hinders the development of 
magnetism, and which also prevents its readily returning to a 
neutral state, is called the coercive force. To render this force 
as small as possible, the iron is made pure and soft ; but, in or- 
der that magnets may be preserved for a long time, they are 
made of steel and exceedingly hard. The coercive force in a 
bar may be weakened for the time being, by causing it to ring 
by striking it with a hammer, and it may be destroyed by heat- 
ing it to redness. Hence a steel bar may be magnetized by 
placing it when red-hot between powerful magnets and suddenly 
cooling it. The coercive force is thus destroyed while the de- 
velopment takes place, and is then restored so as to render its 
magnetbm pennanent. If a magnet, however, is heated, when 
not under inductive influence, it loses the force which before 
preserved its magnetisms in a separate state, and it ceases to be 
a magnet ; in like manner, if a magnet is made to ring, or is 

Does the iron react on the magnet ? In what way ? Why should itV State 
the difference between soft iron and hardened steel./j^ What ia the coercive 
forcel How is it increased? How weakened? How used for making a 
magnet f What is the effect of careless handling of magnets? 
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handled roagblj in any way, its powers are impaired, not be- 
cause any magnetism leares it, but because tKe fluids are free to 
mingle and neutralize each other. 

.374. Magnetism not communicated. — When a magnet is 
applied to iron, and the latter becomes itself a magnet, it is not 
because any portion of the magnetism passes from the magnet 
into the iron; for the magnet loses none of. its strength, but, on 
the other hand, it gains a little, as stated Art. 8 72k But the 
iron becomes a magnet, because the magnetisms, naturally latent 
in it, are developed by the influence of- the magnet broughti 
near. Not only does magnetism never pass from one body into 
another, but the two fluids are not even separated from each 
other in the same bar ; for it is readily proved, that there is 
just liie same amount of each kind of magnetism at the neutral 
point, as there is of either kind at the extremity. Let a mag- 
net be cut or broken in the middle, and immediately the two 
poles show themselves at the point of division, one in one 
piece, and the other in the other ; then each half may be di- 
vided in the same manner, and with the same result. There- 
fore a magnet develops or brings into action the magnetisms of 
the iron, but does not cause them to separate and move to dif* 
ferent ends. This is one particular in which magnetism differs 
from electricity ; since the latter, when induction takes place. 
moves by attraction or repulsion to the end of the rod ; and the 
fluid also passes from one body to another. 

379. Equilibrium of a needle near a magnet, — If a mag- 
netic needle, free to revolve, is brought near to a magnet (Fig. 
129), it will assume a certain direction, according to the place 

\ \ Is magnetism imparted f Does it pass from one part of a body to another f 
How is this proved ? Describe the experiment of dividing a magnet. la 
magnetism like electricity in this n^spcct ?\(f^tate how a free needle places 
itself at the end of a magnet. '^ 
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of its center. Thus, if the 
center B is in the line of 
the axis of the magnet SN, 
the needle wiU oscillate until 
it settles in the same straight 
line, with opposite poles con- 
tiguous. This IS becaase N' attracts s to the nearest point, 
and repels « to the greatest distance. The polo S tends to re- 
pel * and to attract n ; bat, being farther off tlian N, its power 
'is less. If the needle is placed by the side of M, bo that B is 
half way from S to N, then it will turn round until it is parallel 
Jo the magnet, with s toward N, and « toward S; for in that 
position the pairs of opposite poles, being equally near to each 
other, will attract with equal power. 

370, If the center of the needle is placed elsewhere, the 
needle will assnme positions more or less oblique to the mag- 
net, and may be made to incline to it at every possible angle. 
All these positions of the needle are exhibited at once by iron 
filings spread on paper, while a magnet lies below. Every par- 
ticle of the filings be- 
comes a magnet by in- 
duction, and places itself 
as a small needle would 
do, with its center at the - 
same place. Thus (Fig. 
130) the filings at the 

ends are in the line of the axis; those on the side, midway from 
pole to pole, are parallel to the bar ; while others between these 
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incline at yarioiu angles, fonning curves called magnetic curves* 
When a magnet is dipped in filings, the filaments which attach 
themselves diverge in all directions firom each other, and tend, 
so far as their weight allows, to assume the -positions of these 
curves. 



CHAPTER IL 

RELATIONS OT THS MAONBT TO THE EABTH. 

377. Declination of the needle. — When the needle is bal- 
anced horizontally and free to revolve, it does not generally 
point exactly north and south ; and the angle by which it devi- 
ates from the meridian is called the declination^ or sometimes 
the variation of the needle. The vertical circle passing through 
the needle at a given place, is the magnetic meridian of that 
place. The declination at different places is generally different ; 
but lines can be traced passing through a series of points in 
which the declinations are equal ; such lines, on the western 
continent, lie in a northwest and southeast direction, but in 
many parts of the earth are very irregular. These lines are 
called lines of equal declination ; and the line of no declination 
is selected as the standard line of the system. It passes through 
HndsoB^s Bay, Lake Erie, and the States of Pennsylvania and 
North Carolina. It touched the northeast part of South Amer- 
ica, and, in the eastern continent, crosses Australia and the Cas- 
pian Sea. On the American continent, those places which lie 
east of this line have a western declination ; that is, the north 

What are the magniiic ct^n^M^j JWliat is magnetic deelvnationl^SXaXi^ 
what ia meant bj the line of no declination. Describe ita course. 
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end of the needle points west of north ; and in places west of 
this line, there i^ eastern declination. But on the eastern con- 
tinent this is reversed ; places east of the line of no declination 
have eastern declination, and those west of it, western declina- 
tion. As a line is imagined to pass through all points of no 
declination, so lines may be supposed drawn through all places 
having anv given declination, as 5^ east, 5^ west, 10^ east, d^c, 
until the whole earth is covered by this system of lines. A 
chart thus prepared is called a declination chart, and is of great 
service to the navigator. 

378* The declination of the needle at a particular locality 
does not remain permanently the same, but slowly changes, and 
in the course of centuries may become widely different. In 
other words, the system of lines of equal declination is gradu-' 
ally moving either east or west, and then returning. It requires 
several centuries to make a complete oscillation. 

379. Besides this great and slow oscillation, there is a mi- 
nute one each day called the diurnal variation. In the early 
part of the day the needle declines a little to the east of its 
mean position, and in the latter part of the day to the west, 
passing over an arc of eight or ten minutes. This motion is 
greater in summer than in winter. 

380, Dip of the needle,-^ K needle first balanced on a hori- 
zontal axis, then magnetized and placed in the magnetic meridi- 
an, will assume a fixed relation to the horizon, the north pole 
usually being depressed in northern latitudes, and the south pole 

Which way is the declination on the east of this line, in the western con- 
tinent? On the west side of it? Is it so in the eastern continent? What 
■jstem of lines is drawn on a declination chart ? Is the declination always 
the same at the same place f What is the movement ? Describe the diurnal 
variation, k^ow is a dippin^-'heedle balanced f What position does it take 
generally m the northern hemisphere? 
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in sonthem latitudes. This de- 
pression is called the dip of the 
needle. Fig. 131 represents the 
dipping needle, with its adjust- 
ing screws and spirit-level, and 
the dip may be read on the 
graduated circle. In the New 
England States, the dip of the 
north pole is as great as the fig- 
ure represents, about 75°, Near 
the equator there are poiuts where the needle has no dip. A 
line passing through all such points is called the magnetic equa- 
tor of the earth. It is somewhat irregular, but passes around 
the earth, nowhere departing more than 12^ from the geogra- 
phical equator. At every place north of this line, the north 
pole of the needle dips ; and at every place south of it, the 
south pole dips. And the degree of dip is in general greater 
as the distance is greater, till at -a certain point in tha northern 
hemisphere, and another in the southern, the needle is perpen- 
dicular to the horizon. These two places where the needle is 
vertical, are called the pole^of dip. The north pole of dip was 
found by Captain Ross, iiv 1831, to be at lat. 10° 14' N., and 
Ion. 96° 40' W. The south pole has not been accurately loca- 
ted. A line may be supposed to pass through all places where 
the north pole dips 5°, another ^here it dips 10^, <fec., till the 
.earth is covered with a system of lines somewhat resembling 
parallels of latitude. These are called lines of equal dip ; and 
they are much more regular than the lines of equal declination. 



m 



^ Define dif. On what line is there fio dip t State how the dip changes i 
going north or ^outh from that line. Define poUs of dip. Where is the 
north one ? What sjstem of lines relates to this subject f 
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381* Mo.gn£tk intensity of the earth. — ^The strength of tbo 
magnetic force is not everywhere the same on the surface of the 
earth ; but in general it increases each way from, the equator 
towards the poles. A line passing through all places at which 
the force is equal, is called a line of equal intensity. And the 
earth is imagined to be thus covered with a third system of 
magnetic curves. They pass east and west around the earth, 
but are not so regular as the lines of equal dip ; and in the po- 
lar regions they divide into double systems, terminating in two 
poles of greatest intensity in the northern hemisphere, and tyjo 
in the southern. One of the north poles of intensity is near 
Lake Superior, the other in northern Siberia. The greatest 
intensity on the earth is nearly three times as great as the least. 

383* The preservation of magnets, — If magnets are in the 
form of straight bars, they are best 
preserved by placing them parallel 
in a box, with poles in opposite di- 
rections, and pieces of soft 'won 
across the ends, as in Fig. 132. 
These pieces, being magnetized by 
induction, react on the magnets, and also through them each 
magnet acts on the other to strengthen it. A single bar mag- 
net is liable to lose some of its power when kept by itself. If 
the magnet is of the form represented in Fig. 133, called the 
horse-shoe magnet or the U-magnet, it may be kept by simply 
laying a piece of soft iron across its ends. The reflex inductive 
influence operates on each pole to augnient its power. 

383. The compass. — ^This instrument, in its simplest form, 

/tjs the strength of magnetism everywhere the same ? What is the third 
system of magnetic lines on the earth |7How many north poles of intensity f 
Where ? In what part of the earth is th« intensity least f .rfitate how straight 
magnets are preserved. The U-ma^et. Describe tbe compass. ^ 
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conaista of a needle enspended 
in a. suitable box covered with 
glass. Thip ta all that is essen- 
tial, when it is required merely 
to kaow wbat direction is north 
or soutli. But, for most purposes, tie compass is furnished 
with B circalar card divided into degrees and minutes; and in 
the mariner's compass the card is also divided into thirty-two 
e^oal parts called rkumbt. In the mariner'g compass, the card 

F1K.1M. 



isattached to the needle, and revolves with it The iodex-mark, 
which shows the direction of the keel, is a vertical line on the 

In tht msriDir'B compua, to wbat ii tbe Okrd ittttobed t How is the box 
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interior of the box. When any degree of the card is directed to 
the index-mark, it shows that Ijie ship is sailing in the direction 
expressed by that degree. To prevent agitation of the needle by 
the motion of the vessel, it is mounted in ^imbeds (Fig. 134), 
This contrivance consists of a ring G D, in which the box is sus- 
pended by pivots, one of which is seen at p, while the ring rests 
on the pivots C and D, 90^ from the former, in the support A B. 
The lines of the two axes intersect each other in the same point 
at which the needle is suspended. The box, therefore, remains 
level, and the needle free to traverse horizontally in every posi- 
tion of the ship. 

384. The Azimuth compass, and other forms of compass to 
be used on land, have sights or a telescope attached to the box, 
for determining directions on the earth's surface. The card is 
also fastened, not to the needle, but to the bottom of the box. 

On account of the tendency of the needle to dip at most 
places, the compass needle must be loaded by a minute weight, 
which may be adjusted according to the degree of dip. In 
most northern latitudes, the south end of the needle should be 
heaviest, and in southern latitudes, the north end. 

^M^—ii ^M^— I - » ■ ■ I- ■ - m ■■ - ■ ^1 II I I a^ 

Describe the gimbals. What is attached to the land compass ? Why most 
the needle generallj be loaded ? State how ia different parts of the earth. 

10 
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38tS« Galvanic electricity, — ^When electricity is developea 
bj chemical action instead of friction, it is called Galvanic oi 
Voltaic electricity, from the names of Galvani and Volta, two 
Italian philosophers, who made the eariiest discoveries relating 
to this mode of development. The great difference between 
the galvanic and the frictional electricity is, that the latter is in 
a state of great intensity (or tension, as it is often called), dart- 
ing violently with noise and light throilgh the air ; while the for- 
mer has very low tension, flowing in a gentle stream through 
conductors, and unable to pass across interruptions unless they 
are exceedingly small. 

386, The galvanic battery, — 
Instruments which are arranged for 
developing the galvanic electricity 
in large quantities, are called gal- 
vanic batteries; but these usually 
consist of a large number of similar 
parts, called elements. Various 
forms of elements for batteries have 
been adopted; one of which, of 
simple construction, is presented in 
Pig, 136. A plate of zinc, Z, and one of copper, C, are placed 



Fig. 186. 




^SHow is galvanio electricity excited? Why so called! How does it differ 
from frictional electricitj ? Describe an element of a battery. 
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in a tumbler of dilated sulphuric acid. Connected with each 
plate is a wire of indefinite length ; and when the ends of these 
wires are brought into contact, a chemical action commences 
between the acid and the plates, and a steady flow of electri- 
city passes from the copper plate through the wires to the plate 
of zinc. The electricity manifests itself in a spark at the place 
where the wires meet. As soon as the wires are separated, all 
signs of electricity cease, and are renewed again when the wires 
are joined. The joining of the wires, by which a communica- 
tion is formed between the positive pole at the copper, and the 
negative pole at the zinc, is called closing the circuit ; and the 
separation of the wires is called breaking the circuit 

SST, Grovels battery, — An element of 
Grove's battery is exhibited in Fig. 136, which ^- ^^ 

represents a glass jar containing a hollow cylin- 
der, of amalgamated zinc and mercury, which 
has a narrow opening on one side from top to 
bottom. Within the zinc is a cylindric cup of 
porous 'earthen- ware, and within that a lamina 
of platinum is suspended from a cover. One 
end of the circuit wire is in metallic connection 
with the zinc, and the other with the platinum, by means of the 
binding screws at the top. The earthen cup is now filled with 
strong nitric acid, while the space outside of it, in which the 
zinc is immersed, contains sulphuric acid diluted with ten times 
its weight of water. Twelve such elements are represented as 
combined in a battery (Fig. 13Y) 5 the zinc of each element being 
connected with the platinum of the next, from the first to the last. 

When does the spark show itself ?>^What is meant bj doting the circuit? 
L ^rAiKn^ the circ^t)|«. Describe an element of Grove's batterj.^oHow are 
These dements connected in a battery? 
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S88. Contuetum of galvanic eltciriaty and maifnetitm. — 
WLeDerar & free magnetic needle ia placed near the wire 
tiirODgli which the gaWanic current is flowing, it ia act«d on by 
_ ^_ the carrent, and placed in the direction 

of a tangent to the circle, whose center 
is in the nearest point of the circuit, and 
whose plane is peq)endicular to the line 
ofthecnrrent Suppose the wire +C— 
(Fig. 138) is any part of a galvanic 
circuit, and that the tipper «nd connects 
with the positive pole of a battery, and 
the lower end with the negative pole ; 
then the needle will place itself as repre- 
sented, the point of the arrow in each 
case being the north pole. That is, if the current from the posi- 
tive pole deteenda through the center C of the dotted circle, the 
north pole of the needle will point in the direction in which the 
hands of a watch move, aa it Ues in the place of that circle. The 
easiest way in all cases to determine how the needle will place 
itself, is to conceive of the positive current running through tho 
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<^ter of a watch or clock face, in the directioo in which one 
looks at it, and then the needle, on whatever side it la placed, 
will direct its north pole the same way in which the hands 
move. Thns, if a clock stands before jon, and the positive 
carrent moves from yon to the center of the &ce, a needle on 
the left side throws its north pole upward, as the hands, when 
on the left, move np ; if on the right, the north pole points 
downward; if above, toward ike right; if below, toward the left, 

389. Magnetic induction hy the galvanic current. — Not only 
will the current control the needle, as above stated, bnt it will 
induce the magnetic state, with poles in the order just described. 
For instance, if N S (Fig. 138) is a piece of iron wire, showing 
no sign of magnetic power, yet as soon as a galvanic current 
flows down the wire +C — , the wire NS will be magnetized 
by induction, and the end N will become the north pole, and S 
the south pole. So, if iron filings be scattered on the surface 
N S, N S, then, as soon as the current descends along the wire, 
each filing will be a magnet, and their north poles will all lie as 
shown by the barbs of the arrows, that is, in the direction in 
which the hands of a watch revolve. 

390, Accumulation of galvanic action, — ^When a single cur- 
rent passes near a needle, as already described, its action on the 
needle is feeble, especially if the current has a low tension. In 
order that a current of feeble tension may act powerfully on a 
needle, it is only necessary to let it continue n^ar the needle on 
all sides of it, and 'pass many times round ; then at every point 
of the circuit-wire the fluid will act on the needle with equal 
force, and all these actions will conspire together. In this way. 

Suppose pieces of iron occupy the places of the needles, how are they af- 
fected? Iron filings around the wire?ft«^ow can the inductive actioi) be 
greatlj increased I 
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toO| a great inductive power may be exerted on iron to develop 

its magnetism. Fig. 139 
"fr *••• illustrates the manner of 

making a magnet of the 
TJ form, by the repeated 
actions of the galvanic 
current. P is the end of 
a wire connected ¥rith the 
positive pole of a battery; 
N the end of another wire 
from the negative pole of 
the same. These wires 
dip into two caps of mer- 
cury. A long coil of cop- 
per wire passes from one 
cup around the whole length of the XT into the other cup. As 
represented in the figure, the end W from the positive pole 
passes just in front of the iron, then behind, and so on around 
it continually. If the observer suppose himself to stand at W, 
and to look along the wire in the direction of the flow, he will 
perceive, that as the iron is on his left, the north pole must be 
thrown upward, and the south pole downward. In the same 
way, by following the wire entirely round, the current at every 
point is seen to direct the north pole upward. Thus, every 
revolution conspires with every other one to carry the north 
pole over toward n, and the south pole down to «. The bar of 
soft iron thus becomes a U-magnet of considerable power, capa- 
ble of sustaining a heavy weight. The weight is supported by a 

2 ^ Describe fhe mauDer of making a U-magnet. Why is the north pole 
thrown upward in the figuie ? How is the weight supported by the mag- 
netf 
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flat piece of iron called the armaiurey tonching the poles below, 
as represented in the figure. If now the end W, or w, is Hfted 
from the cup of mercury, the circuit is broken, the current 
ceases to flow, and the magnet in an instant loses all its power 
to hold the weight. 

391. K the end W had first passed behind the bar of iron, 
and thus coiled in the opposite direction, it is evident tHat the 
north pole would have been directed downward^ and the south 
pole upward ; and in this case, the right hand end of the IT 
would have been the south pole, and the lefL hand the north pole. 

393. To make the magnet as powerful as possible, the cpil 
of wire is closely wound with silk, so that it is insulated, even 
when coiled as closely as it can be around the XJ ; another layer 
may then be wound over the first, and any number of layers in 
succession. The galvanic fluid has so feeble a tension that it 
will circulate through many thousands of feet, rather than break 
through the thin laminas of silk between the spirals of the wire. 
A large U-magnet may in this way be made powerful enough 
to sustain hundreds, and even thousands of pounds ; but the 
whole force is lost as soon as the circuit is broken, by taking 
either end of one of the wires from the cup of mercury. 

393. JSlectra-mapietism as a motive power, — Machines can 
be operated by the electro-magnetic force as truly as by other 
ibrces ; but as yet this power proves to be much more expen- 
sive than steam. Fig. 140 represents one form of electro-mag- 
• netic machine invented by Dr. Page. Two electro-magnets of 
the XT form are fastened in an upright position at M and N, 

What if either wire be taken out of the mercury IjrWhat change in the 
wire would place the poles in the opposite direction? What arrangement 

9,^would make the magnet more powerful still ? How great strength majr be 
produced? Why does not the fluid pass across from one coil to the nextf 

^^Is electro-magnetism yaluable as a prime mover? Why ? 
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bavlng their fonr poles jnat in the sorf»ce of a taWc Above 
the table is a lercr whose fatcram is bctncen the m!^ets. The 
armatures, A and A, are so fastened to the lever, that either 
may tonch the magnet below it, and raise np the other. A pro~ 
jecting part of the lever is attached to the end of a working 
beam, which gives motion to a fly-wheel by a crank. By means 
of the binding screws S and S, the coil aronnd either magnet 



may be connected with the poles of a battery. When the cnv 
ctiit around M is closed, and that around N broken, the right 
hasd armatore is attracted to the poles below, and N exerts no 
attraction to prevent its armature from riaing. But the instant 
after, when the circuit aronnd N is closed, and that around M 
is broken, the opposite end of the lever descends. Thus, a con- 
tinued alternation of the lever produces a constant rotation of 
the wheel The two circuits are alternately closed and broken 
by cams on the axis of the wheel. 

394. Tranimission of the eleetrfMna^etie f&mer. — That 
which gives to electro-magnetism its great utihty, is the power 

Describe Page's machine. B 
otnoden Iba elMtro-nuigDetic pi 
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of transmitting the cnrrent on an insulated wire, so that it shall 
form a magnet by induction at a great distance from the battery. 
It was ascertained by Prof. Henry, in 1830, that by means of 
a battery of many elements, called an intenHiy battery^ he could 
send the current several miles, and cause it at that distance to 
ring a bell and produce other mechanical effects. He thus 
proved the possibility of using electro-magnetism for telegraphic 
purposes. It was at first supposed that the current must not 
only be sent to the distant station on a wire, but also returned 
on another wire to the other pole of the battery. But, in 1837, 
it was discovered that the return current could be conveyed by 
the earth or by water. 

399. The electro-magThetic telegraph, — ^After it was found 
that the current could produce magnetic motions at a great dis- 
tance, several plans were devised for communicating telegraphic 
signals. The one which is generally preferred for its simplicity, 
is Morsels electric telegraph. Suppose that a person at Wash- 
ington wishes not only to send intelligence to Boston, but also 
to record it there, so that it may be read at any time afterward. 
The person at Washington has under his operating table a bat- 
tery of so many elements, that its current has sufficient intensity 
to be transmitted to Boston. From one pole of the battery the 
wire passes into the earth, and is soldered to a broad copper j^ 

plate buried in the ground. From the other pole the wire passes 
up to the table, and is fastened to the binding-screw A (Pig. 141). 
Another wire is attached to the binding-screw B, and thence 
extends on insulating supports to Boston. At Boston, this wire 
passes in a coil around an electro-magnet, and then descends into 

Q 7 When and by whom was this discovered t What kind of a battery is need- 
ed ? Describe how a person at Washington can move the armature of a mag- 
net at Boston. What apparatus does he need 9 

10* 
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tbe ground, and is soldered to a buried 
plate of copper. Between this cop- 
per plate in Boston and the one in 
Washington, the galvanic current can 
pass back to the battery through the 
earth. The circuit is now complete, 
except a little break (Fig.* 141) under 
the operator's hand in Washington. 
K he presses down the key in contact with the metallic 
bar beneath it, the entire circuit is closed, and the current 
from one pole of the battery in Washington is transmitted 
to Boston, then hundreds of times around the TJ-magnet there, 
then into the ground, and thence back in the earth to the other 
pole of the battery, all in a small fraction of a second. While 
it circulates through the coil of the magnet in Boston, it in- 
duces the magnetic power, and causes it to attract the arma- 
ture above it. But if the operator ceases to press on the key, a 
spring throws it up and breaks the circuit, and instantly the 
magnet in Boston loses its power to hold down the armature, 
which is at once raised by a spring. Thus an individual in 
Washington can control the movements of the armature in 
Boston as perfectly as if it were under his hand. • 

390. The recording instrument, — Let us next see what is 
accomplished by the movement of the armature in Boston. Fig. 
142 represents the recording instrument of Morse's telegraph. 
The armature A is situated above the poles of the magnet, and 
attached to one end of the lever L ; on the other end is the 
stykj a blunt metallic point for recording the movements. 

How is the fluid oonveyed back ? Where is the only intcrruptioD in the 
circuit ? What happens if he presses the key down ? Why does the key nse 
when he ceases pressing ? What happens then ? Describe the reoordmg in- 
strument. 
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Whenever the circoit from WashiDgton is cloaed, A is attracted 
to the magnet, and the style is pressed upward againat a strip 
of paper P P, which is carried round a roller at that point hy 
the action of clock-work. The roller has a sjnall groove around 
it at the place where the style presses, so that it indents the 
paper into the groove. If the operator strikes the key, and in- 



atautly removes the finger, the style merely indents a dot in the 
p'dper; if be continues the pressure a moment, the paper is 
drawn along, and the indentation becomes a line. An alphabet 
is formed of dots and short lines, variously combined, as shown 
in the following table, which the operator learns to use witb 

Bhon what takes place at BastOD when the key nt Wnahiaeton is depresi- 
ed. Agaio, when it riees. Hov ia a dot mnief HowBlioel Whritthei* 
a grooTe in the roller ? What kind of alphabet is Tixgdl 
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o- - 




X 
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xaplditj in spelling the words of a message, and the record is 
peixnanenUj stamped on the paper. 

ICOBSE'S ALPHABET. 



b 

c«- - 

d 

e- 

f 

g 

h 

1-- 

39T, Those who are accustomed to the work of sending and 
receiving telegrams, soon acquire the power of distinguishing 
the letters by the ear, and can therefore understand a communi- 
cation without looking at the record. W is the weight that 
moves the clock, or the motion may be given by a spring. The 
only purpose of the clock-work is to draw along the paper over 
and under a series of rollers from the reel S, keeping it always 
stretched upon the groove where the style strikes it. The ma- 
chine may be so made that the first stroke on the key at Wash- 
ington will ring a bell B, and call attention to the telegram 
about to be transmitted. D, D, are the binding-screws by which 
the wire from Washington, and that from the buried copper 
plate in Boston, are connected with the two extremities of the 
helix around the magnet. 

The same circuit will serve to convey telegrams back from 

m 

Can a telegram be rtad by the ear ? The use of the clock ? How can tele- 
grams be sent back ? 
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Boston to Washington, if the operator in Boston has a battery, 
and the one in Washington a recording instrument. 

398. Action of galvanic currents on each other. — If wires, 
through which currents are flowing, are placed near and parallel 
to each other, there is a mutual action between them ; if the 
currents run in the same direction, the wires attract, if in op2>o- 
site directions, they repel. It follows, that when a current is 
flowing through a loose coil, whose spires are free to move, each 
spire attracts the next, and the whole coil is shortened by means 

• 

of this attraction. Also, if the end of one coil is brought to the 
end of another, they will attract when the circulations are in the 
same direction, and repel when they are opposite. On the dis- 
covery of these facts. Ampere, of France, formed the theory that 
all magnetic phenomena result from the attraction of galvanic 
currents, circulating in the magnets as in coils Irom one pole to 
the other. 

390, Magneto-electric phenomena. — In accordance with the 
theory of Ampere, it might be expected that a magnet would 
develop an electric current in a coil. And this was found to 
be a fact. If a hollow coil prepared for the electro-magnet is 
connected with a galvanometer (a delicate instrument for mea- 
suring the strength of the galvanic current), and a bar-magnet 
be quickly thrust within the helix, and then withdrawn, the nee- 
dle of the galvanometer will be deflected ; and if the opposite 
pole be inserted, the needle will be deflected the opposite way. 
The name mugneto-electridty has been given to the electric cur- 
rents when caused by the action of the magnet Whenever a 
magnet is set revolving near a plate of copper, feeble currents 

How do wires affect each other when currents are passing through them f 
The effect of a current through a free coil ? What is a magnet, according to 
^OAmpere's theory ? Does a magnet excite galvanic currents % * Describe the 
experiment to prove it. <) . Wht^t is nuigneUMileetricUy t 
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are excited iq the copper, and, if the plate is free to move, it will 
soon b^in to rotate in a parallel direction. Or, on the other 
hand, if the plate is revolved, a magnetic needle suspended over 
It will gradually acquire the same motion, in consequence of cur- 
rents excited in the copper by the needle. The magnet also 
excites currents in other substances, though in a less degree than 
in copper. 

400, Thermo-electricity, — Electrical currents are also excit- 
ed by heat; and in that case the development is called thermo- 
electricity. Bismuth and antimony are the best materials for 
exhibiting phenomena of this kind. The magnetism of the earth 
may be attributed to the electrical currents which the heat of 
the sun excites, and which continually circulate from east to 
west, as the earth revolves on its axis. 

40 !• Electrical fishes. — ^There are three kinds of fish which 
possess the power of giving the electric shock, the most inter- 
esting of which is the electrical eel of Soiith America. The 
electrical organs in these animals resemble the voltaic pile in 
their construction. The currents produced by them affect the 
galvanometer, and may be made to give the electric spark. The 
fishes exercise this power voluntarily, for the purpose of paralyz- 
ing their prey when pursuing it, and also as a means of self-de- 
fence. 



Describe experiments with a magnet and disk of copper. What is thermo' 
l^lectricitjf Howjnaj the magnetism of the earth be explained? Give aa 
account of electrical flahea. Of what use is their power ? 
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CHAPTER I. 

LIGHT. — ^ITS MOTION AND INTENSITY. 

4:03« Definitions. — Optics is the name of that branch of 
Kataral Philosophy which treats of light and vision. Light^ 
according to the theory now generally received, consists of ex- 
ceedingly minnte and rapid vibrations in a medium or ether 
which fills space ; which vibrations, on reaching the retina of 
the eye, cause vision, as the vibrations of the air cause hearing, 
when they fall on the tympanum of the ear. 

403, Bodies which of themselves are able to excite vibra- 
tions in the surrounding ether, are said to emit light, and are 
called luminouB bodies ; those which only reflect light are called 
noTirluminous. Most bodies are of the latter class. A ray of 
light is a line along which light is propagated. A beam is made 
up of many parallel rays ; & pencil is composed of rays either di- 
verging or converging, and is sometimes applied instead of the 
word beam to parallel rays. A radiant is a point from which 
light diverges ; a point to which rays converge is called & focus; 
but the word focus is often used in general to denote the point 
of intersection of several rays, whether diverging or converging. 

\ Of what does opUcs treat Tl^Hiat is light, according to the common theory t 
^ [what bodies are said to emit light ? What are they called ? What are other 
bodies called I , Define ray; beam; pencil; radiant ; /ocut. 
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A medium is any substance throngb which light can pass ; if 
objects can be clearly seen through the medium, it is called 
trantparent; if dimly seen, semi-transparent ; if only the light 
is discerned through- a medium, and not the objects from which 
it comes, it is said to be translucent. An op<ique body is one 
through which no light can pass. 

404« Light moves in straight lines.— So long as the medi- 
am continnes unifonn, the line of each raj is perfectly straight 
An object cannot be seen through a bent tube. The edges of 
shadows, as they stretch through smoky air, are seen to be 
straight ; a good example often occurs in the sunbeams visually 
projected on clouds. On account of the straightness of rays, 
pencils of light and also shadows have certain r^ular geometri- 
cal forms ; thus, if light, radiating from a point, passes through 
a circular opening, the pencil is a cone ; if through a square 
aperture, it is a square pyramid, &c. 

40S, The velocity of light, — It has been ascertained by 
several independent methods, that light moves at the rate of about 
192,500 miles per second. One method is by means of Jupiter's 
satellites. Some of them sue eclipsed by Jupiter at every revo- 
lution ; and by the average interval which is observed between 
the eclipses of any satellite, the times of their occurrence can 
be predicted. Now, it always happens, that when we are near- 
est to Jupiter, an eclipse occurs about S^ minutes sooner than 
the time calculated ; and when we are furthest off, it occurs as 
much too late. It therefore requires about 1Q\ minutes foi 
light to cross the earth's orbit ; and as the distance is 190,000,- 
000 miles, it must travel with the velocity above mentioned. 



/ , D«9eribe the different media. ^ Give proofs that light moves in straight 
liiMS. Example in sun-beams. Name the form of a pencil firom a point, and 
passing throagfa a eirenlar aperture. A square aperture, fto. What is the 
valooity of light Ki State the first method of finding it. 

1 
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40A« The velocity of light is also determined by the ti^er' 
ration of the Btars^ which is an apparent annual displacement, 
resulting from the earth's motion combined with the motion of 
light. 'The impulse of the ]ight from the stars upon our eyes, 
is in a direction slightly different from what it would be if we 
were at rest; just as rain-drops strike one's face a little differ- 
ently when running and when standing still. The velocity of 
light from a lamp has also been obtained by direct experi* 
ment. By each of these methods the velocity is found to be 
the same. 

407* Loss of intensity. — As light, in radiating from a 
body, becomes more and more widely diffused, its intensity is 
constantly diminished. If a pencil, diverging from a point and 
passing through a square aperture, proceeds to an equal distance 
beyond, it covers a square twice as wide each way, that is, four 
times as large, and is therefore four times less intense. So, in 
proceeding three times as far, it becomes nine times less intense. 
Therefore, by mere diffusion over greater spaces, the intensity 
of light varies inversely as the square of the distance. 

But if light passes through any medium, some of it is ab- 
sorbed, and some reflected by the medium itself, and therefore 
it loses intensity the farther it proceeds on this account also. 
Thus, the light which the stars shed upon us is diminished by 
coming through the atmosphere. 

4:08* Shadows. — ^The shadows of spherical bodies, cast by a 
spherical luminary, are either cylinders or cones. These shad- 
ows are of two kinds, total and partial. By supposing tangents 

What is the second ? IHnstrate it by rain. A third method ? If a diyerg. 
ing pencil proceeds twice a certain distance, how many times larger space 
will it cover ? Three times the distance, how large ? ^ Gire the law of inten- 
sity as to distance. ^In what other way does light lose intensity f Example. 
How many kinds of Wiodowt are there f 
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drawn across the eorresponding sides of the two bodies, we de- 
tennine the limits of the total shadow ; for it is plain that no 
ray can pass within these tangents beyond the opaque body. 

If the bodies are equal, as L and 
A (Fig. 143), the total shadow is 
a cylinder of infinite length; if 
the luminous body is the smaller, 
as L and B, the total shadow is 
an increasing frustum of a cone 
of infinite length ; if the luminous 
body is the larger, as L and 0, 
the total shadow is a cone, whose 
base is a section of the non-lumi- 
nons body. The partial shadow or penumbra is limited by 
tangents drawn to touch opposite sides of the bodies. The 
form of the penumbra is an increasing frustum of a cone. It is 
obvious that a part of the light from L can, in each case, pass 
within these divergiug tangents, and that the depth of shade in- 
creases from the outer limit to the total shadow. All shadows 
of terrestrial bodies cast by the sun or moon, are surrounded by 
a perceptible penumbra, so that the projected shadows are not 
sharply defined on their edges, but shade off gradually from the 
total shadow to the full light. 

409, As the luminary becomes smaller, the penumbra sur- 
rounding the total shadow is thinner ; and when it becomes a 
point, the penumbra ceases, and the total shadow is sharply de- 
fined. The' same effect is produced if the luminary is more dis- 



What lines limit the total shadow? If the bodies are egttal^ what is the 
form? If the luminous body is the smaller? If larger? What lines limit 
the penumbra? Its form? Do terrestrial bodies cast shadows with a pe- 
numbra, when the sun or moon shines on them ? What if the luminous bodj 
were a point? 



BX^LEcnas or ught. 235 

taut tin it appears as a point. Thii% the ahadowa cast by a 
star, if perceptible, are withoat a penumbra. 



CHAPTER n. 

KBFLBCnOK OF LIGHT. 



410. Definitions, — Light is said to be reflected when it is 
thrown back from a snr&ce into the same medinm agrain. From 
ordinary surfaces, the reflected light is scattered in all direc- 
tions. This is radiant reflection; and it is by means of it that 
we see objects which shed no light of their own. But when a 
surface is highly polished, a beam of light falling on it is re- 
flected in a certain determinate direction ; and, if the eye is 
placed in this reflected beam, we see, not the reflecting surface, 
but the original object, apparently in a new position. This is 
called specular reflection, because produced by a speculum, or 
ground metallic mirror. In ordinary mirrors a lamina of mer- 
cury and tin forms the reflecting surface, which receives its pol- 
ish from the glass to which it adheres. Three forms of mirror 
or speculum are used in optics : the plane, the convex, and the 
concave. Experiments on light are usually performed in a dark- 
ened room, by receiving a sunbeam through an aperture from an 
adjustable speculum on the outside, 

4: 1 1 . Law of reflection, — When a ray falls on a surface, the 
angle between it and a perpendicular to that surface is called 
the angle of incidence, and the angle between the reflected ray 

What if its distance were as great as that of the stars ?|f\When is light 
said to be f*e/^0^^/|fV'h at is ro^^^oTi^ reflection? Its use? What is specu- 
lar reflectionjijsrhat ibrms of mirror are used in optics ? >i3tate the law of 
reflection., ^enne the angles of incidence and r^l&Mon. 
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and the same perpendicular, the anple of refieetwn. It Is 
found by observation to be always trae, that the angles of ind- 
denee and reflection are in the same plane, and are equal to each 
other, 
419. This may be shown by attaching a small mirror to 

the center of a semicircular board, perpen- 
dicular to its plane. Let Fig. 144 represent 
the semicinde, graduated from D each way 
to M and N. If a ray A C passes the edge 
at a certain degree, the reflected ray C B 
will be seen to pass the corresponding de- 
gree on the other side of the perpendicular C D. By revolving 
the semicircle, every angle of incidence may be tried. When 
the incident ray is perpendicular to the mirror, the reflected ray 
returns in the same line, each angle being zero. 

413. Badiant reflection forms no exception to the foregoing 
law, although the incident light is in one direction, and the re- 
flected light is scattered every way ; for it is produced by rough- 
ness of surface. The little inequalities present their minute 
surfaces at all inclinations ; and each individual ray is reflected 
according to the law, and yet the whole beam becomes scattered 
in all possible dire'ctions. 

414. Relation of rays preserved hy the plane mirror, — When 
a pencil is reflected by a plane mirror, the rays of the pencil 
maintain the same relation to each other after reflection * as be- 
fore. That is, if the incident rays are parallel^ the reflected 
rays are parallel ; if the incident rays diverge or converge, the 
reflected rays also diverge or converge at the same angle. 

\ J Describe the waj of showing the law. How is a raj reflected, if it falls 
perpendicularly on a mirror ?t(sWhat is the cause of radiant reflection ? How 
can the law applj in this case ? Hln reflection from a plane surface, compare 
the relation of rajs b^ore and after reflection. State particolar caaes. 
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41tS. Thus (Fig. 145), the incident rays 
A B, C D, being parallel, the reflected rays 
DH,B G, are parallel also. And (Fig. 146) 
the diverging pencil R A, R B, will, after 
reflection, continue the same degree of di- 
vergency, in the lines AD, BO, jast as 
though they had radiated from F, as far behind the mirror as B 
is before it, and in the same perpendic- 
ular R F. And agidn, the convergiug 
pencil D A, C B, proceeding toward F, 
will be reflected to R, converging just 
as rapidly as before. The reason in 
each case is this: the perpendiculars 
at the several points of reflection are 
parallel lines; hence, as the reflect^ 

rays have the same inclination to the perpendiculars which the 
incident rays have, they will be inclined to each other just as 
much as the incident rays are. 

41 0. The point R, from which the light radiates, is the real 
radiant ; but F, from which the reflected rays seem to radiate, 
is called the apparent or virtucU radiant. So, when converging 
rays, proceeding toward F, are reflected by the mirror, and 
meet at R, F is the apparent focus, R the real one. 

4:1 T. Images hy the plane mirror. — ^As every point in the sur- 
face of a visible object, throws off rays of light in all directions, 
every such point is a real radiant. On the other hand, an image 
formed by the plane mirror is made up of apparent radiants. And, 
as each apparent radiant is as far behind the mirror as the object 

1 Illustrate by figure. State the general reason.^ ; Show the distinction b^ 
iween the real and appa/remt radlant.^0^1so real and apparent focus. Of 
what is a yisible object made up ?r i The image in a plane mirror is eompoved 
of what? -^^ 
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is before it, the same must be true of the entire image. These 
apparent radiants being all accurately arranged behind the mir- 
ror, to correspond with the real ones before it, an observer seems 

to see the object itself in a new po- 
sition. Thus (Fig. 14Y), the object 
A B, before the plane mirror M N, 
forms its image a h equal to A B, 
and at an equal distance behind the 
mirror. For, as the point A radi- 
ates light in every direction, a cer- 
tain pencil AFG, after being re- 
flected, and reaching the eye at H, 
appears to have radiated from a; 
and B/^ arrives at H, after reflec- 
tion, as thongh from b. And, in 
like manner, every point of A B has a corresponding point in 
ah. If the position of thfi eye is changed, the im£^e wDl be 
seen by a diflerent i^stem of pencils; but the effect will be the 
same, and the place of the image will not be altered. 

4L18. The image is not similar to the object, but symmetric 
eal with it ; that is, one and only one of its three dimensions is 
inverted^ namely, the one perpendicular to the mirror. Thus, 
if a person before a mirror faces the north, his image feces the 
south; but there is no other inversion, either vertical or lateral 
Again, if a^rror is horizontal, as the smooth surface of a lake, 
trees and other objects are seen with the tops downward, since 
it is the vertical dimension which is perpendicular to the mirror. 




^'^ Where is the image formed bj a plane mirror f How situated ? Of what 
aixe? i\If the place of the eye is changed, is the image seen by the same pen- 
cils? is the image itself changed? Is the image mmilar to the object! 
What dimension is inverted? Give examples f Person before a minor. 
Trees seen in a lake. 
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An illustration is seen in Fig. 148, where the erect barp is seen 
as an inverted harp below the horizontal mirror. The reason 
why an image has the ri^ht 
hand correspond to the per- ^^ ^^ 

son's left hand, is not be- 
cause there is a lateral in- 
version,, but because right 
and left change places with 
each other, whenever a per- 
son turns his face in the op- 
site direction, as the image 
docs. 

In order that a person may see his entire image, the mirror 
needs to be half as high as himself. 

419. Multiplied images by two mirrors, — If the mirrors 
axe parallel, as in Fig. 149, and 
the object E lies between them, 
then its image in A B is £', as 
far behind as E is before it ; now 
E' may be regarded as an object 
in front of C D, and its image 
formed by C D is E", as far to 
the right as E' is to the left of 

it; and the image of E" formed by A B is E" at the left, and 
so on. Beginning again with the mirror C D, there will be 
another series of images, the first of which is -E' behind C D, 
and so on, as before. All these images, infinite in number, are 
arranged in a straight line, pe^endicular to the mirrors ; but 



]n«;14». 
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How do ri^M and left become inverted in the image? How high a mirror 
is needed to see the whole person fjl^xplain the effect of two parallel mir- 
rom. What is the number of images f 
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thej grow more faint at greater distances, by loss of light at 
every reflection. 

4190. In order to understand how an imoffe at E', which is 
nothing in reality, can serve as an object, and have an image of 
itself formed in the opposite mirror, it should be considered 
that the light radiating in all directions from the object E, when 
it has been reflected by A B, diverges jast as though it had 
originated in E' ; and when these rays come to impinge on G D, 
it is immaterial whether they actually came from E' or only 
proceed as if they came from it. A new image is formed 
equally well in either case. Multiplied images of a lamp are 
sometimes seen in a looking-glass, when viewed at a lai^e angle 
of incidence, the light being reflected back and forth between 
the front and back sides of the glass. And, in the same man- 
ner, a bright star or planet, when viewed in a mirror, appears 
attended by three or four faint images of itself. 

4131. If the mirrors are inclined to each other, then the 
images of an object placed between them are arranged in the 
circumference of a circle, whose center is in tbe common section 
of the mirrors. The kaleidoscope furnishes a beautiful illustra- 
tion of this case. In order that the symmetry of the picture 
formed by the objects and their repeated images in this instru- 
ment may be perfect, the angle between the mirrors must be 
such that 360^ divided by it will give an even number for a 
quotient. The best angle is 30^, in which case the picture will 
be distributed in twelve sectors, since 30** is ^ of 360^. 

499. 7%€ converging effect of a concave mirror, — When rays 
of light are reflected by a eurveU mirror, they do not preserve to 

^i.^^How can an a/ppartnt image serve as an object? Explain how mnltiplied 
images are seen in a looking-glass. How aroxthe images arranged when 
the mirrors are inclined! What example is named f Beacribe. Do <mr%9i 
mirrors preserve the relations of the rajst 
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eacli otlier the same relation before and after refieclion, as they du 
in the case of a plane mirror. If the mirror is coneave, the reflect* 
ed rays are always turned more totoard each other than the inci- 
dent rays ; so that parallel rays become converging ; converging 
rays become more converging; and diverging rays become at 
least less diverging, and may become parallel^ and even con- 
verging, 

433. Fig. 150 shows 
the case of parallel rays . i^g-iw. 

RA, RE, falling on the 
concave spherical -mirror 
A B. Let C be the center 
of its concavity, then every 
radius, CE, CA, &c., is 
perpendicular to the sur- 

fece of the mirror. Since R E strikes perpendicularly, it is re- 
flected directly back ; but any other ray, R A, is reflected on 
the other side of A, making the angles R A 0, C A F, equal to 
each other. Hence, the reflected rays E F, A F, converge to. 
the point F. . If the mirror is only a very small part of the 
spherical surface, as it always is in optical instruments, then F 
is half way from E to C. This point F, being the focus to which 
parallel rays are converged, is usually called the principal focu». 
Therefore, the principal focus of a concave mirror is midway 6e- 
tween ike center and the surface, 

4:34. If the incident rays diverge from any point further 
from the mirror than the principal focus, the reflected rays will 
converge. Thus (Fig, 151), if the radiant is A, beyond the cen- 
ter C, the angle of incidence ABC equals the angle of reflec- 

^ c^^ What is the eflFect of a concave? Case of paraU^ rays. Trace the raya, 
; ^ Where is the focas ? Describe the several cases in Fig. 151. 

/ 11 
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tion C B a, and a is the focus of rays 
., ' from A. Also, if a is tho radiant, A 

is its focns. Hence, A sod a are 
called coT^u^te feci; aid for every 
point more remote from the mirror 

/than its center C, there b a conjugate 
focus between C and F. Since a raj 
passing throngh the center is always 
reflected directly back, any pur of 
conjugate foci are in the same radius, 
or radins produced. If the radiant is 
Ht C, its conjugate focus is there also, 
because each ray from C strikes the 
mirror perpendicularly, and returns 
to C. If light diverges from a point nearer the mirror than the 
principal focus, as D, it still diverges after reflection, but less 
than before ; thus, D B, D O, divei^ in the lines Bd, Gd, and 
the apparent radiant is A'. On the other hand, if the incident 
rays converge, as dR,dG, the reflected rays converge more^ 
sod meet at some point D, nearer than the principal focus. 

433. Imaget by the concave mirror. — The concave mirror 
forms various images, either real or apparent, either erect or in- 
verted, either greater or tmaller than the object, either before or 
behind the mirror, according to the distance of the object 

1. The object ricarer the mirror than it» principal focus. — In 
rig. 152, let C be the center, F the principal focns, and A B the 
object. It has been shown (Art 424) that the reflected light 
divergee, thongli less than before reflection. Therefore, tho 

Explain a>n^ug<Ut/iKi.X^niti,yiTiei,j\a Oitimagaot * concave mirror t 
'; Deacribs tbe imsga formed, when tbe object is nearer tiian the principid 
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image is behind die mirror, as a b; and 

being composed of apparent radiants, 

it is called an apparent image. It is 

erects since tlie conjugate foci, A and 

a, are in the same radias produced, as 

also 6 and h ; and these radii do not 

cross each other between the object 

and image. The image is also larger 

than the object, because it £lls the 

same angle at C at a greater distance. 

If the object is at F, the rays of each 

pencil become parallel by reflection, 

and therefore the imi^ is infinitely distant, and is viewed as a 

heavenly body. 

2. The object between the prind- 
pal focus and center, — Let A B 
(Fig. 163) be the object. Then 
the rays from A are converged 
to a in the same radins produced ; 
likewise those from B to 6. Thus, 
all the points of AB have their 
conjugate foci in ab. But the 
rays do not stop at those points, 
but cross each other and diverge 
again. Hence, a person beyond 
a b receives the rays from it as if 

it were an original object, and sees it in the air between himself 
and the mirror. The image is therefore real, and in front of the 
mirror. It is also inverted^ because the extreme radii or axes, 
A a, B 5, cross each other between the object and image. And 



Fig. 168. 




Jj Between focus and center. 



844 opnos. 

finaUy it is fnagnified^ being as mach greater than AB, as it is 
more distant from C. As the object approaches C, the image 
likewise approaches it, and thej both reach it together, but do 
not coincide, since the image remains inverted. • 

3. The object beyond the center of concavity, — ^The same figore 
(153) will illustrate this case also. Let a 6 be the object, then 
A B will be its image before the mirror, real^ inverted^ and dU 
miniehed. 

496. All these cases may be shown by moving a lamp along 
the axis of a mirror, between it and the spectator. While the 
lamp is nearer the mirror than the principal focus, the image is 
behind and enlarged. As it recedes, the image at length ap- 
pears in the air before the mirror, and inverted. Or it may be 
received on a piece of. white paper, held at the proper distance. 
A person may also see the image of his own face inverted, be- 
tween himself and the mirror, when he is more distant than the 
center. 

4137. The concave mirror a burniny-ylase, — Since heat is 
reflected according to the same law as light, a concave mirror 
will converge both heat and light from the sun into the same 
image at the principal focus. The heat may be thus rendered 
so intense as to inflame bodies. The amount of heat thus col- 
lected depends on the size of the mirror, and the solar image. 

4L38, The diverging effect of a convex mirror, — Let M N 
(Fig. 154) be a convex mirror whose center of convexity 
is C. 

Parallel rays are reflected diverging. For while the ray A D 
is reflected directly back, A M is reflected on the opposite side 

Bejond the center. Hovr are all these illustrated f Describe. Whj is 
2 the concare mirror a hwming glass fj^What is the effect of a ommmbb miirorl 
Bffect OD parallel rajs f 
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of C £, makiDg B M E equal 
to AME; BO AN takes 
the dircctioii N B, and the 
rays diverge as from P. If 
the miiTor U a small part of 
the sar&ce of a whole sphere, ^^ 
F b the middle point be tneen 
G and D. If parallel rays 
are rendered divei^nt, it 
follows titat diverging rays 
are made still more diverycnt; 

and that converging rays are at least made leu convergent, per- 
haps parallel or divergent. The convex mirror, therefore, al- 
ways produces the effect of separating the rays 

430. Image* by the convex mirror. ■ 
— The convex mirror fiirnishes no such "•■ ^^ 

variety of cases as the concave, becaase 
the rays, diverging IVom an object, are 
made to diverge still more by reflec- 
tion. In Fig. 165, the pencil from A 
is reflected as if radiating from a, in 
the same axis A 0, and that from B, 
as from b in the axis B C. The image 
is therefore behind the mirror, appa- 
rent, tmaller than the object, because 
nearer the angle C, which they both 

sabtend; and erect, as the axes do not cross between the object 
and image. 

4SfcO, Spherical aherratian of curved mirrort, — ^When a 

On d^ierging fbjbI On ximtiying raja I j©esorihe whM kind of imof* 
t:.e conrei mirror fornu. ^ 
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plane mirror is used, all the rajs emanating from one point of 
the object are reflected so as to diverge accurately from the 
corresponding point of the image. But this is not true of a 
spherical mirror, especially if it is any considerable portion of a 
hemisphere. The rays reflected near the edge of the mirror de- 
viate somewhat from those reflected near the center. In the 
concave mirror, when used to form a real image, the outer rays 
converge a little too much. On this account, the image is im- 
perfect, since the rays from one point of the object are diffused 
over adjacent points in the image. This deviation is called 
spherical aberration. It cannot be entirely prevented, except 

» 

by grinding the outer parts to a less degree of curvature than 
the center, which changes the mirror from a spherical to a 
spheroidal form. 



CHAPTER m. 

BSFBACTION. OF LIGHT. 



431. Whsn light falls on a body, some part of it is always 
reflected. If the body is transparent, another part is trar^mit- 
ted; but thb is usually bent out of its course as it enters, and 
again as it leaves the body. This deviation from a straight line, 
in passing from one medium to another, is called refraction. If 
the medium which the light enters is more dense than the other, 
the rays are usually refracted toward the perpendicular to the 

State how the rajB reflected from the edge of a concave mirror compare 
with those from the central part/ S^hat is this deviation called ? What evil 
results ? How is it prevented ? How is transmitted light commonly affect- 
ed f What is this change called f 
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surface ; wlien light passes into a rarer medium, it is refracted 

from the perpendicular. Thus, if 

AB (Fig. 156) passes out of air into 

water, through the surface a 6, instead 

of proceeding in the straight line 

ABC, it is bent into B D, toward 

the perpendicular F B E. And if 

the ray D B goes from water into 

air, it is bent from B F into the line 

BA. 

4:33. The angle between the in- 
cident ray and the perpendicular is 

called the angle of incidence; the angle between the refracted 
ray and the perpendicular, the angle of refraction. Thus, when 
A B is turned into the direction B D, A B F is the angle of 
incidence, and D B E the angle of refraction. 

433. The refraction of light is illustrated by many familiar 
facts. As we look obliquely into a vessel filled with water, the 
bottom is seen very much elevated, because the rays which 
come from the bottom over the edge are bent from the perpen- 
dicular, that is, downward, and reach the eyes as if they came 
from higher points. So, if a stick is held obliquely in water, 
the immersed part appears bent upward, since the light coming 
from it, is bent downward at the surface of the water. It is for 
this reason that water, even when we look perpendicularly into 
it, appears more shallow than it really is. For the rays of each 
pencil coming up from the bottom, and entering the pupil of the 
eye, become more divergent by being refracted from the per- 
pendicnlars, and appear to radiate from points about one-fourth 



^^What is the general law? Define the angles.3 Qive examples of refrac- 
tion. Bottom of a ressel full of water. A stim Depth of water. 
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nearer the sarfiuse. Hence, when water is ftmr feet deep, its 
apparent depth is only ikrtt feet ; and, if we look obliquely into 
hi even mnch less than that. 

4S4* Tke law of refraction, — ^When a ray of light enters a 
mediam, if the angle of incidence is changed, the angle of refrac- 
tion is changed also, bnt not in the same degree. The law for 
these changes is this : the Hne of incidence and the sine of re- 
fraction have to each other a 
constant ratio. The index of 
refraction for any substance 
is this ratio of the sines of 
incidence and refraction^ 
and is used as the measure of 
the refractiye power of that 
substance. Fig. 157 shows 
the degree of refraction of 
three different substances, 
water ^ sulphur ^ and dior 
fMmd, If AB is the sine 
. of incidence, then for water 
the sine of refraction is C D, for sulphur it is £ F, for diamond 
G n. Now, the index of refraction for water is 1.336 ; that is, 
AB= 1.336 times G D ; for sulphur it is 2.148, which is the ratio 
of A B to £ F ; for diamond, 2.439, the ratio of A B to G H. 

43tS. It follows from the law of refraction, that light cannot 
always escape from a denser to a rarer medium. If the medi- 
um above R S (Fig. 158) is more dense than that below it, and 
A C is bent from the perpendicular inte C £, then, on increas- 




What is the law of refraction as to change of inclination f Define the in* 
in ofr^roeUcn, Apply in case of water, sulphur, and diamond. In what 
cuse can light not pass through a surface f 
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ing the angle of incidencey C £ wiQ ap- 
proacli nearer C S, and at length will 
reach it, after which the ray can no 
longer emerge from the dense medium. 
At that moment the whole beam is to- 
tally reflected from the internal sarhce. 
This mode of reflection is sometimes 
employed where it is important to pre- 
vent loss of light The greater the re- 
fracting power of a substance, the soener does the incident ray 
reach the limit of total reflection. 

430. Transmission through 
plane surfaces, — If the plane 
surfaces of a medium are paral- 
lel, as in Fig. 159, then a ray 
D £ is bent toward a perpendic- 
ular of the first sur&ce on enter- 
ing, and again from a perpen^ 
dicular in leaving. And as these 
perpendiculars are parallel to 

each other, the two refractions are equal, and the emerffent ray 
is parallel to the incident ray. It is for this reason that objects 
are seen in their true forms and positions when viewed through 
good window-glass. The distortions produced by poorer kinds 
of glass are owing in part to unequal densities, and in part to 
irregular curvatures in the surfaces. 

4137. If the plane surfaces, through which the Hght passes, 
are inclined to each other, the medium is called a prism, and 




What takes place when light reaches this limit ? How is light affected 
in going through a medium with parallel surfaces ? Whj ? Whj do objects 
sometimes appear distorted when seen through a window ? What it t^pritm/ 
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the edge at which the surfaces meet, is the refracting angle of 
the piism. A beam, in passing through a prism, is refracted 
away from the refracting angle. Thus (Fig. 160), A B C 

is a section of a prism ; and if 
'Mp- ^^- the light passes through the sur- 

faces A C and B C, C is the re- 
fracting angle. But A or B 
may be used for the refracting 
I angle as well as C. The ray 
D E is first refracted toward the 
perpendicular E P, and traverses the prism in the line E F. On 
leaving, it is bent from the perpendicular F P, and emerges in 
the line F G, being in each case turned from the refracting angle. 
4138. The medium may have many plane surfaces, so that 
the light shall be refracted into a number of separate beams. 

The multiplying glass (Fig. 161) is 
^^ ^*^ 4, ^ ^^ example. The light radiating from 

A goes perpendicularly through the 
center facet, and shows the object in 
its true direction ; that which falls on 
the upper facet is bent from the upper 
refracting angle, and reaches the eye 
as if frona C ; that through the lower, 
as if from B, and so on, according to 
the number and inclination of the facets. A glass cut in this 
manner often has as many as twenty facets, and causes a sm^l 
object, as a coin, to appear like twenty such objects. The two 
surfaces, through which any one pencil of light passes, may be 
considered as forming a prism. 

• 
Wliieh way is the light turned ? Explain. Describe the muUvplyioig glasSy 
and its effect. 
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439 Tmctsmission through curved surfaces. — ^In practical 
optics, great use is made of the lens^ which is a circular piece 
of glass, having one or both of its surfaces curved. The vari- 
ous combinations of surface are exhibited in Fig. 162. 
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The double-convex lens, A, has two convex surfaces. 

The plano-convex lens, B, has a plane and a convex surface. 

A double-concave lens, C, has both surfaces concave. 

A plano-concave lens, D, has a plane and a concave surface. 

The meniscus, E, has a convex and a concave surface, the 
convexity being greater than the concavity. 

The concavo-convex lens, F, has a convex and \ concave sur- 
face, the concavity being greater than the convexity. 

The axis of a lens is a straight line perpendicular to both sur- 
faces, and usually passes through the center of the lens, as M N. 

4L4LOm Three of these forms, A, B, and E, are thicker at the 
center than at the edge, and produce a converging effect upon 
light, refracting the rays away from the edge towards the axis. 
The other three, C, D, and F, are thinner at the center than at 
the edge, and produce a diverging eflfect, turning the rays, away 
from the axis. 

441* Fig. 163 explains the converging eflfect of a convex 
lens. Suppose C to be the center of the right-hand surface, and 



(J /Describe the lenses. Which converge light? Which 4iverge it? Show 
Dj a figure how a convex lens converges light. 
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C of the left-bandy and that a pencil of light radiates from B, 
covering the whole lens. Then the raj B L proceeds withont 
Tefraction, since it meets the surficu^ perpendicularly. Bat any 



Fis.iaL 




othtf lay, as B G, is first bent toward the perpendicnlar G C\ 
and therefore toward the axis B F. When the ray leaves the 
kos at H, it is refracted ^oni the perpendicnlar G P' and there- 
fore still more toward the axis, as in the fine H F. All forms 
of lenS| which have excess of convexity, act on the rays in a 
similar manner. Bat in a concave lens, the center of concavity 
Kes on the same side with the sar&ce, and therefore the rays 
are bait in the opposite direction, that is^ away from the axis. 



ici 




Thus (F^. 164), the my BD is first lefiacted towardCyj) pro* 
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daced, into fhe fine DH, then^oM CI/ mtoI/F; ad tlini 
each concaTe sor&ee aids in direiging the njs. 

44S. Cbi^ic^le/oti.— In Fig. 163, wliere B is tlie ndiant, 
and F its correqtondii^ focosy tlie two points are caDed eonjw' 
gatefocL K B is abore the axis C C, then F is bdow it, and 
the reveisey the two being in n stiai^t line drawn throng L^ 
the center of the Ien& K the rajs, however, do not conTeige 
after passing throng^ the iena, hot diwtrgey as from some appet- 
rent radiant, still these points are caUed eonjogate focL When 
one of the conjugate foci is at an imfimiU distance, that is, when 
the rays are paraQelj the other is called Xheprhicipal/ocuSj or 
focns of paraDel rija. 

4l<ftS» Images by 4ke eonwex lau, — ^The eomvex lemt forms the 
same yariety of images as the eomeave wtirrorj in req>ect to char- 
acter, size, and position. When the objeet is nearer tiian the 
principal focns, the rays from each radiant still diveige, though 
from more distant points. Thus (Fig. 165), if MN isthe oh- 

FEe.l«8L 




ject, the rays from the highest point M are bent towards the 
axis, so as to diverge less, as from the apparent radiant m, in 
the axis M produced. In like manner, those from N diverge 



Explain the conjugate foci. If one is at an infinite distance, where is th« 
ether ? What yanetj of images does the convex lens produce t 
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after refraction as from n. Thas, all the points of M N have 
their conj agate foci in the image m n. This is an apparent 
iaiage, since the light, after passing through the lens and reach- 
ing the observer, seeirtM to come from it, when in fact it does 
not It is erect, because the axes of the extreme pencils C M, 
C N, do not cross between the object and the image. It is 
magnified, because it subtends the same angle M C N at a great- 
er distance than the object. 

When the object is at the principal focus, the rays of each 
pencil proceed in parallel lines, and hence seem to come from 
points infinitely distant. 

4Hr4r. When the object is farther from the lens than the 
principal focus, the rays become convergent to conjugate foci 
on the opposite side. Those from M (Fig. 166) meet in m,Tn 

the same axis, M C pro- 
duced ; those from O 
in 0, and so of all other 
points. The image is 
real, being actually 
formed in- the air or 
on a screen, and a per- 
son, standing beyond 
it, sees it by light which 
has really radiated from it It is inverted, because the several 
axes Mm, N n, dsc, cross between it and the object. In size, 
it may be either larger or smaller than M N, according to the 
distance of the latter. For w^en M N approaches the lens, 



Figied. 




Describe the first case. What hind of image is it t Why ? Why erect 
and enlarged I Where is the image when the object is at the principal fo- 
cus! Why I When the object is further off than the principal focus ? What 
kind of image is this t How are the diameter of object and image propor- 
tioned t 



EEFEAOnON OF LIGHT. 255 

» 

the image recedes from ifc, and grows ^ater; while, if 
M N is removed, the image approaches and becomes smaller. 
The diameters of the object and the image are always propor- 
tional to the distances, because they subtend the equal angles 
of the axes at C. The size of the lens has no effect on the size 
of the image, but only on its illumination. 

44S* The convex lens a burning-glass. — Heat is refracted 
as well as light, and therefore a convex lens, by. converging the 
heat of the sun, becomes a bilming-glass. The image of the 
sun, at the principal focus of a large convex lens, is so hot as to 
inflame combustibles at once. 

44:0. Images by the concave lens. — ^Let M N (Fig. 167) be 

the object. The rays from the 
point N, after passing the lens, 
diverge more than before, as if 
from n in the same axis, C N, 
and so of other points. Hence 
m n is the image, apparent, ereetj 
and smaller than the object, re- 
sembling in all particulars tho 
iiyiage formed by the convex mirror. 

^Alf, Spherical aberration, — If lenses have a spherical cur- 
vature, the rays which pass through near the edge must, accord- 
ing to the law of refraction, be bent too much, to meet at the same 
focus with those near the center. Therefore, all the rays from 
any one point of the object do not unite in one point of the 
image, and hence arises more or less of indistinctness, accord- 
ing to the degree of curvature of the lens. This want of co- 
incidence of rays is called spherical aberration. It cannot 'be 

^ " ■ "^^^"^ ■■■■■■■■■ ■ _ ^ ■ ■ ■ ■ I ■■ m i. ■ ■ ■ ■ I ^ . ■■ I ■ I — I I . I ■ I I !■ ^ ■■ ■^^^^ 

Which kind of lens is a burning-glass ? Show why. Describe the image 
formed bj a concaye lens., ^Describe what is meant by wherical dberration. 

I 
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entirely prevented excc'pt by grinding the lens in a different 
form, 80 as to diminisli the carvature of the outer parts. 

448* Atmospheric refraction. — The atmosphere has an outer 
surface which is nearly spherical, and it increases in density 
from the top down to the earth. This spherical covering of 
the eartfi acts on light as a convex lens, bending the rays, which 
come from the heavenly bodies, grradually towards the perpen- 
diculars or radii of the sphere. The effect is to elevate appa- 
rently all the heavenly bodies above their true places. Those 
near the horizon are elevated most, while a body in the zenith 
is seen in its true place. The refraction at the horizon raises 
the sun by a quantity about equal to its own breadth, thus 
bringing it into sight before it rises, and keeping it in view after 
it sets. 

4LA9. Mirage. — ^This phenomenon, called also looming, con- 
sists of the formation of one or more images of a distant object, 
caused by horizontal strata of air of verjfdifferent density ; par- 
ticularly when the lowest stratum is, by the heat of the surfsBu^e 
on which it lies, rendered more rare than the strata above. The 
surface of the rare stratum, in this case, produces total reflection^ 
so ^hat villages, groves, d^c, may be seen both erect and invert- 
ed, and appear as if surrounded by water. The mirage is most 
likely to occur on hot deserts and prairies. 

What rays are bent too much to meet others from the same point! What 
kind of lens is the atmosphere ? How does it affect the light of the heavenly 
bodies? Which way are they displaced ? Effect on the time of rising and 
setting? Describe mirqff^, and explain the cause. 
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DSCOMPOSITZOH OF LIGHT. — THB RAINBOW.— <30L0R BT 

BSFLBCnOH, ETC. ' 

4«SO, The prismatic spectrum. — ^The refraction of a beam 
of light, in entering another medium, is not the only change 
which it nndeigoes. It is also decomposed^ or separated into 
colors. A glass prism is generally employed for exhibiting de> 
composition. For convenience in experiment^ it is mounted on 
a jointed stand, so that it can be placed in any desired position 
across the sunbeam admitted into a dark room. The beam, as 
already shown (Art. 437), is turned away from the refracting 
edge. But it is found that some rays are bent more than others 
out of their original direction ; hence, the circular beam does 
not retain its form after passing the prism, but falls on the 
screen in a long band instead of a circle. This band consists 
of a series of colors, and is called the prismatic spectrum^ or 
more properly, when the light comes from the sun, the solar 
spectrum. Let F (Fig. 168) be the opening through which the 
light enters, and Y the luminous circle, where it falls. As soon as 
the prism A B C is interposed, with its refracting edge C placed 
lowest, the beam is bent upward, both in entering the glass and 
in leaving it, and the spectrum is projected on the screen. The 
colors are arranged as in the figure, the red being the least ^ and 
the violet the most refi-acted. Though seven colors are described 
as composing the spectrum, namely, red, orangey yellow, green, 

What other change does light suffer in going into a new medium f What 
jj^ instrument is used for this ?i^| Are all rajs bent alike in passing through a 
prism ? Whatybrm does a circular beam take after passing through ? De- 
L\ scribe the arrangement. State the order of colors. 
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Hue, indigo^ and violet, yet these are not distinctly separated 
from each other, bat blended together in such a manner, that 
the whole might with as good reason be divided into a greater 
or a less number. If the refracting edge of the prism were to 
be placed highest, the beam would be bent downward, and the 
violet would be the lowest color, and the whole spectrum re- 
versed ; showing that red is always the least refrangible color, 



Us. lea 



Jndk' 
JiUu 




and violet the most, and that the order from one to the other is 
always the same. But the prism reveals other rays, as comiog 
from the sun, which do not aflfect the eye ; for example, the rays 
of heat are less refracted than any colored rays, since the ther- 
mometer is most raised when placed a little outside of the red. 
And if suitable tests ape applied, it is found that the chemical^ 
rays are more refrangible than any color, lying beyond the vio- 
let. 
.45 !• The prism decomposes, in the same manner as now de-. 



Which is the most refrangible ? Which the least ? Where is the Jieai col- 
lected 9 Where the ekemieal rays ? Speak of light from otheir&ources. 
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Bcnbed, tbe light from any other sonrce, and shows as, moreover, 
that every lominoiis body has its own peculiar kind of light ; 
or, at least, that the colors' exist in different proportions in them 
all ; each star forms its own peculiar spectrum, different from 
that of the sun, and of every other star. 

4S3. Secomposition of light, — As white light can be sepa- 
rated into its elementary colors, so these colora may be recom- 
bined, and form white light. One method is to place directly 
beyond the prism a second prism of the same angle, with its re- 
fracting edge turned the opposite way. Then, the separation 
caused by the first prism is neutralized by the second, and a 
white spot is produced, as though no prism had been interposed. 
Or, by revolving a prism swiftly, the spectrum may be made to 
pass back and forth over the same space so rapidly, as to pro- 
duce on the eye the effect of a white, instead of a colored 

band. 

* 

4:S3. Complementary colors, — Any two colors which, when 
mingled together, produce white light, are called complementary 
colors. Thus, if green,, blue, and yellow were mingled, they 
would compose a green nearly like the green of the spectrum ; 
then, if the remaining colors, red^ orange, indigo, and violet^ 
were blended in another color, it would be a species of purple. 
Now, these two compound colors, green and purple, if united 
would compose white, because the whole of each component of 
white is in it. Hence, these particular shades of green and 
purple are complementary colors. In the same manner, every 
possible shade of color, whether simple or compound, has its 
complementary color ; and if the two were mingled, the result 
would be white light. 

How can the colors be recombined ? Second way ? What is meant by 
/ ^mplementary colors ? Illustrate by an example. 
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4ff4« Dispernve power of a medium. — All substances are 
not alike in their decree of separation of colors. If a prism of 
flint glass, and one of crown glass, are made of such angle as 
to re/raet a beam eqaallj, the flint glass will separate the colors 
most Hence, flint glass is said to have the greatest dispersive 
power. The discovery of unequal dispersive power in various 
media has proved of great importance, because it has led to the 
removal of a serious difficulty in the formation of perfect images 
by lenses. 

4AjS« Chromatic aberration of lenses. — This is a deviation 
of the rays of different colors from one focus. The violet rays, 
being most refrangible, will be most bent in passing through a 
lens, and will therefore meet in a nearer focus than any other 
colors ; while the red, the least refrangible, will meet in the most 
distant focus. Thus, of all the light which comes from one 
point of an object, only the rays of a particular color will be 
collected in the corresponding point in the image, and the 
others will be diffused around it, overlapping the rays from 
other points, and causing indistinctness. 

4tlO, Achromatic lens.-^The difficulty above mentioned is 
nearly remedied by making the lens of two parts, namely a con- 
vex lens of one kind of glass, and a concave lens of another 
kind having a greater dispersive power. The convex lens con- 
verges the rays to an image, and separates the colors to a cer- 
tain extent The concave lens (of less curvature) diminishes 
this convergency, and removes the image farther off, but, having 
greater dispersive power, it reunites the colors, and renders the 
image distinct. The convex lens is usually made of crown glass. 

Do all substances separate the colors in the same degree? What is meant 
h^j diapernve power 9 Compare crown and flint glass. Show whj a lens 
brings different colors to different focL What is this deviation called ? Whj 
injurious f How can it be remedied ? Describe the achromaiie lens. 
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and the concave of flint glass ; the two are placed in contact^ 
and appear as one lens, in the form of a meniscus. 

4S7m The rainbow. — ^This phenomenon, when faUj formed, 
consists of two colored circular arches, projected on the falling 
rain, when the sun is shining on it from the opposite part of 
the heavens. They are called the innery or primary bow, and 
the outeTy or secondary bow. Each contains all the colors of the 
spectrum, arranged in contrary order : in the primary, red is 
outermost ; in the secondary, vi61et is outermost The primary 
bow is narrower and brighter than the secondary. The center 
of the bows^is at a point of .the sky exactly opposite to the sun ; 
and, of course, a line drawn from the sun through the specta- 
tor's eye passes through the center ; this line is called the axis 
of the bows. The colors of the rainbow are the effect of a de- 
composition, produced by the drops of rain, as the rays enter and 
leave them. The light which forms the primary, or inner bow, 
is once reflected in the interior of the drop ; that which forms 
the secondary, or outer bow, is ttoice reflected within the drop. 

4*1 8. Course of rays in the 
primary bow. — ^Let fep (Fig. 
169) be a section of a drop of 
rain ; y/, a 6, Ac, rays from the 
sun entering it. That which 
passes through the center, yfPf 
marks what is called the axis of 
the drop, and suffers no refrac- 
tion, and, if reflected at p^ re- 
turns in the same line. Other rays, a ft, c cf, &c., are all more 

^/What does the rainbow consist of? Descnbe the two bows. How many- 
times is the light reflected in the inner? In the outer? Why are they col- 
ored f Compare the order of colors. Trace the rays in forming the primary 
bow. Hh 
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or less refracted toward the axis ; and when they reach the back 
side, some of them are reflected, and emerge on the front side. 
Now, it is shown by calcidation, that it is only a narrow pencil, 
e df entering at about 60^ from the axis, whose rays of any one 
color, on emerging, continue together in an intense beam. It is 
this pencil which is concerned in forming the primary bow ; all 
the other rays entering on the whole front of the drop, after 
being once reflected, scatter in various directions, and so pro- 
duce only faint illumination of the cloud. This pencil, c d, be- 
ing reflected at k, and emerging at q, is refracted /rom the per- 
pendicular, G q produced ; of course, the violet is bent most 
toward the axis yp, and the red least, Aud the rays of each 
color, being parallel among themselves,* may proceed many 
rods, and even miles, and still appear very bright. Ihe violet 
pencil is found by calculation to make with the axis of the bow 
the angle of 40^ 17', and the red, an angle of 42° 2\ Hence, 
these colors are seen at those distances respectively from the 
center of the bow. 

4LS9, Course of rays in the 
secondary how, — l^ifzm (Fig. 
170) be a section of a drop, as 
before. There is a pencil de^ 
entering about 71° from the 
axis, which is found by calculsr 
tion to describe the course e h^ 
hnif mq, within the drop, and 
then emerge in rays which are parallel (so far as any one color 
is concerned), and cross the incident pencil in front of the drop* 

What pencil is concerned I What becomes of the others? How can this 
pencil be bright at a great distance ? What angle does the violet make with 
the asds I The red f . What pencil is emplojed in forming the secondary 
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As tie riolet ia le&acted most from the ndins at q produced, 
it (Fill make a Ui^er aa^e witb dt than other colors, and the 
red will make the least. It is calculated tbat the angle for violet 
is 54° 9', red, 50° 59', and intermediate angles for the other 
colors. Ab a pencil, entering the uppr part of the drop, at- 
vad$ after emerging, let a pencil be selected 71° beli»D the 
axis, and this will deteend, and may enter the eve of an ob> 
Berrer, who will then, though at a great distance, perceive a 
distinct color. All other rajs emerging after two reflection^ 
except those now described, diveige from each other, and pro- 
dace bat httle illnioiBatioo. 

460. Circular form of the 
iow».— Let S O C (Fig. 171) be "^ '"" 

the axis of the bows, pas^ng 
tbroagh the observer's eye at 
O, and S V, S R, Ac, rays 
from the snn falling on the 
drops. Let VOC=40° 17'; 
ROC=42*' 2'; R'OC=50° 
69'; and V C=54° 9'. Then 

Y will be the violet, and R, the red, of the primary bow; and 
R', the red, and V, the violet, of the secondary bow. Now, if 
the whole system of lines be revolved about S C as an axis, these 
rays will not change their angles with each other, nor with the 
surface of the drops ; and therefore the same colors will appear 
around the entire circamferences, for the same reason as at the 
Highest points. 

Trace il throngh. Wbicb color makes the lugmt aogle with the uiaT 

What uigis (or riolet I For red T Don the light whicji reaches the obeerrer 

CDter OD the inner or oaler quadrant of the drop ? What becomea of olhei 

rajal EipUio bj figure whf the bowa are ciicolar. Sboir also the reuoo 

'Jfiii the inTersion of the colon. 
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416 1. The order of colors in the two bows is inverted, 
because the rays of the primarj bow, emeiging on the side of 
the drop nearest to the axis of the bow, are refracted /ram it, 
while those of the secondary, emerging on the remote side, are 
refracted toward the axis. Thus, in Fig. 171, if V O is violet, 
then other colors from that drop lie below it, and do not reach 
the eye at ; and in order to bring other colors to O, drops 
must be selected higher up, that is, farther from the axis. 
Hence, violet is the innermost color. So, if V, after two re- 
flections, is violet, then other colors, being reiracted downward 
in a less degree, lie above O ; and drops need to be taken lower 
down in order to bring other colors to O. Therefore, violet is 
the outermost color of the secondary bow. The space within the 
primary bow is rendered somewhat luminous by scattered rays 
once reflected ; and that without the secondary bow, luminous 
in a less degree by rays twice reflected; while that between 
the two bows is not illuminated by either^ and is perceptibly 
darker. 

41 83. When the sun is on the horizon, the center of the 
bow wDl be on the horizon also, and just half of each circle will 
be projected on the sky. But if the sun is elevated, the arcs 
will be diminished, since the center will be depressed as many 
degrees below the horizon as the sun is elevated above it. K, 
however, rain is falling quite near, especially when the observer 
is on a mountain, much more than semicircles, and possibly even 
whole circles may be seen, the lower parts being projected on 
the land between the observer and the horizon. 

463* The common halo. — ^There are many varieties of halo 



Give the order in each bow. What illuminates the cloud within the pri- 
mary bow f Where is the cloud darkest? State the size of the bow when 
the sun is on the horizon. What is the effect of the sun being elevated t In 
what circumstances can a whole circle bo seen 9 
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sometimes formed about the sun ; bat one kind is of very be- 
qaent occnrrence, seen both aroand the sun and the muon, and 
known as the common halo. Its distance from the Inminarj is 
about 22^ ; it is usually white, with tL red inner edge ; on the 
outside, it shades oflP gradually to the general illnmination of 
the sky, while the inner border is more abrupt, and the space 
within darker than that without It is formed bv the lefractioii 
of rays from the sun or moon, by crystals of ice which float in the 
air, and whose refracting angle is 60^. The inner edge is red$ 
since that color is the least refrangible, and the other colors are 
not clearly developed, because different ones more or less over- 
lap each other, owing to the different positions of the erystab . 
through which the light comes. Other and more complex fonaa 
of halo, rarely seen except in high latitudes, are formed by 
crystals of other angles than 60®. 

4:64:» Color by reflection, — ^The different refrangibilHy of the 
rays does not fiimish the only means of decomposing light ; hot 
in several other ways it is found that the solar beam conftiAts c4 
the seven colors. The most fiuniliar case occars io the natural 
colors of bodiei. The same white light &lls on different flowers, 
yet one is red, another yellow, and so on ; and not only so^ 
but of the red flowers there are innumerable shades and tints, 
and the same is true of each prismatic color. It is clear, that 
if a body when placed in white light appears red, tt is because 
it reflects red rays to our eyes, while the other colors are ab- 
sorbed, or in some way lost So, a leaf is green, becaase it re- 
flects only the green rays. Again, the several shades of each 
color arise from the reflection of more or less c4 some other 
rays, along with the one which is principally reflected, A ^^ 



Describe the common Jb2a. HowUiifoniMd? XxpWn ths^p^flrfafaslp 
walolQectB. How are there iomsajTimtiet of ascbeolorf 

12 
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sUmce wbich reflects all colors in equal proportion is white ; 
md one which reflects none is black. 

46«i» Infltetiim of light.-^When a pencil of light from a 
single point, or from a very narrow line, flows past the edge of 
a body, casting a shadow on a screen, the edges of the shadow 
are fringed with delicate bands, each containing the colors of 
the spectrum. This effect is called infiection. The reason why 
we do not always see the edges of shadows thus bordered, is 
that the light, usually coming from many luminous points at 
once, obliterates the effect by the overlapping of the several 
pencils. If a person in a room looks at a distant window, and 
holds any straight edge, as of a book-K^over, close to the eye, 
and moves it along, so as nearly to coincide with a bar of the 
window-eash, he can see colors along the sides of the bar, the 
blue part of the spectrum next to the cover, the red part on the 
other side of the bar. 

4SA. Interesting experiments on inflection are performed 
by permitting the sunlight from the focus of a lens to pass 
through minute apertures,%nd then fall into the eye through a 
magnifier. The colored images of a distant lamp, seen through 
the network of a bird's feather, are a beautiful example of 
inflection. 

407. Striated euffacee, — ^Very brilliant colors are produced 
when the sunlight is reflected from a surface which is grooved 
with fine parallel lines. Such a surface is said to be striated. 
The grooves need to be less than a 2,000th of an inch apart. 
The colors of the shell known as mother-of-pearl are of this 
kind ; as also those of many other kinds of shell, whose tints 

Describe infiection of light. Why are not shadows afMoys bordered bj 
fringes of color ? Describe experiment on window-bars. Bird's leather. 
"What is a striated surfiace ? What its effect ? Examples. 
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are changeable. The grooves of shells are caused by the edges 
of laminae which crop oat on the surface. The changeable hues 
in the plumage of some birds, and in the wings of some insects, 
are owing to a striated structure of their surfaces. But the 
metals can be made to fiimish the most brilliant spectra, bj 
stamping them with steel dies, which have first been ruled by a 
diamond with exceedingly fine lines. Gilt buttons, and othfer 
articles for dress, are sometimes prepared in this manner, and 
are called iris omamenU, The colors vary both by a change of 
distance between the lines, and by the inclination of the surface 
to the light. 

468. Thin lamince.-^Anj transparent substance, when re- 
duced in thickness to a few millionths of an inch, reflects bril- 
liant colors, which vary with every change of thickness. Exam- 
ples are seen in the thin laminsd of air occupying cracks in glass 
and ice ; in thin films of oil on water ; but most remarkably in 
thin soap-bubbles. To exhibit the colors in regular systems. 
Sir Isaac Newton's method is best ; that is, to place a very flat 
convex lens on a concave of slightly greater curvature, so that 
there shall be an exceedingly thin space between them all 
around the central point of contact, to the edges. In this thin 
film of air, the colors are seen in concentric rings, repeated sev- 
eral times, till the outer ones are almost too faint to be seen. 
These are known as NewtorCs rings. Having measured the 
diameter of the rings, and knowing the curvature of the lens, 
Newton was able to calculate the thickness of air at each one 
of the colors. He found that when air is reduced to less than 
half a millionth of an inch in thickness, it reflects no light ; that 

How are the grooyes formed in shells ? What are irU ornaments f Ex 
amples of thi/n lamins producing color. Describe Newton's mode of ezperi 
menting. At what thickness of air does it cease to reflect? 
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is, the space near tiie center of the rings becomes bhick, when 
reduced to that thickness ; and when the thickness is greater 
than seventy-two onc-millionths, the colors are dl blended in 
white. Newton^s rings are especially beautiful and interesting, 
when light of only a single color falls on the lenses. The lumi- 
nous rings are then all of that color, separated by rings which 
are perfectly black, and, instead of stopping with the number 

of eiffht or ten^ they can be counted by hundreds^ becoming 
more and more narrow and delicate as they are removed from 

the center of contact, till a microscope is needed to trace theau 



CHAPTER V. 

DOUBLK SBFRAOTIOir. ^POLABIZATIOK. — ^WAYX THXO&T. 

409. Double refraction, — ^There are many transparent sub- 
stances, particularly those of a crystalline structure, which, 
instead of refracting a beam of light in the ordinary mode, 
divide it into two beams. This effect is called double refraction^ 
and substances which produce it, doubly refrfteting substances. 

The most common example is a carbonate of 
lime, called Iceland spar. Its form (Fig. 172) 
is a parallelepiped, having six rhomboidal 
faces. As a thick specimen of it lies on a 
line of writing, the line appears doubled, one 
image usually somewhat overlying the other. 
4L7Qm Ordinary and extraordinary rays, — Instead of obaerv- 

At what thickness does it reflect all oojors and appear white? State Aa 
affect of MM color. Define ifotf^Z^ refractioii. fixample. 
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ng writing or other objects to be doubled, as we look through 
the crystal, a beam of light, B r (Fig, 173), may be allowed 
to &11 upon it ; then, as it enters^ 
it divides into r O and r k, and 
after emeiging, proceeds as two 
separate beams, o' and s e\ par- 
allel to €^h other, and to the in- 
cident beam, E r. One of these, 
r o, confbrma to the usual kws 
of refraction, remaining in the 
plane of incidence, and preserving 
a constant ratio of the sines of in< ^ 

cidence and refraction, at all inclinations ; it is therefore called 
the ordinary ray. The other, r e e\ departs from the plane of 
incidence, in most cases, and does not maintain a constant ratio 
of sines ; for these reasons, it is called the exttaordinary ray. 

471. There is one direction, however, in which light may 
pass through the crystal, without being doubly refracted. That 
direction is marked by the line A X (Fig. 172), joining the 
obtuse angles. At whatever point the ray enters, if it is bent 
by refraction into a Hue parallel to A X, it is singly refracted, 
as by any ordinary medium. Some crystals have two such 
directions through them, and are called crystals of two axes ; 
and a &w have mcnre than two. By applying pressure to pieces 
of glass, also by heating and suddenly cooling them, they may 
be so changed in their structure as to become douhU refracters. 

4:73, Polarization. — This name is given to a change which 
may be produced in light, such that it has different properties^ 

Kftmes giTCQ to the rays? Modes of showing them? Why is one- called 
the extraordinary ray? In what direction is the ray not divided ? How can 
substances acquire the property artificially ? What doe^jtolariaatiaf^ mean ? 
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on different sides. Common light — as, for instance, a direct 
sonbeam — ^has the same relations to* space on all sides. If it 
falls on a piece of glass at a given angle, it will suffer reflection 
equally well in every plane, as the glass is turned round ; and 
the same is true of refraction, or any change whatever. But if 
a beam shonld be so changed that it might be reflected upward^ 
but could not be reflected to the right, it would be called, not 
common, but polarized light. 

417S* Polarization by reflection. — A frequent mode of polar- 




izing light, is to reflect it from gltus at an angle of 57^. Fig. 
174 repres^ts the essential parts of a polariscope/ that is, an 
instrument for polarizing and analyzing light. The tubes M N 
and N P fit together, so that one may be easily turned around 
in the other. The plates A and C are pieces of dark glass, 
attached to the tubes at such an angle that the ray, R A, will, 
« after reflection at an angle of 57**, traverse the axis of the tubes, 

Is common light polarized f What is the proof? Describe the first mode 
of polarizing. What is a polaritoope f Describe one kind. At what angle 
of incidence does glass polarize ? 



f. an 

ff^isrizij^ psiB^ Ski C 1J£ •A^ilazmfj plate ; for the tirst ptUmr^ 
CB iSifr EST. ^hi ^oe Kcomi promm it &> be poUdsBtL The i&j 
firooB A so C B p*.-i2iri2e<i; i>r if die tabe» N P, is taraed 
loc^ri ia M y. iski bemm. r^iscteii dram C will sometimes Im 
bcirr:. aoii soaecomes vor Ciiiit^ aLthough. A C Bills opoa C ai 
the lane a&gie. dxiii^ the whole revoliitioiL. In the position 
in die agsre, the sfot £ is the most &iiit ; sad if the suslyiing 
psate H tamed oner so as to reded dowmtntrdy the spot oa 
which the nf hBs b also hinJL Bat if the tuix^ is tamed so as 
to reflect £l>rward or baekwaEd, i& the same plane as the fiist 
leflectioB, R A Q the I%ht reflected firom G will be bright ; 
and, dxnioQ eaA qnadiaat of rerolatioiiy the change will be 
gradaaUj made from the bci^test beam to the &uitest» or the 



4:74» An rabetaans p<^riae bj reflection in some degree ; 
aome at one m^ie, some at another. The metals polaiiie only 
yery slightly ; hence the reason why the polariscope will not 
sncceed wdl, if pieces of hoktMff^last are naed in the plnce of 
A and C ; for4n a iooking-^aaa^ metal, and not glnss, peifoims 
the principal reflection. 

4L7Sm PotarizatUm by damUe r^raetion^ — ^There are several 
other ways of polarizing fight, beside the one above described ; 
bat there is none so perfect, as to transmit the beam through a 
doubly-refracting crystal ; for sach a crystal polarizes both the 
ordinary and the extraordinary ray, and renders the polariiation 
more complete than can be done in any other way. If a double 



Proof that tbe raj AC is polarized? Describe the changes which occur 
aa the tube reroWea. Do other substances polarize by reflection f What ia 
said of the metals! Will plates of looking-glass answer' for these expert 
ments? Wh j1 What is the best way of polarizing? Stat© the efitet of 
placing a doable refrader for a polarizer. 
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refrncter takes the place of A (Fig. 174), then two beams will 
generally be seen reflected from the analyzer, G ; but in the pesi- 
tioD represented in the figure, only one will be seen ; and when 
the tube b^ins to revolve, that one grows faint, and the other 
appears and grows bright, till, after 90^ of revolution, the latter 
is seen alone, the former bright one having disappeared. This 
change oocurs in each of the quadrants. 

47C Color by polarized light, — ^Many interesting and beau- 
tiful phenomena of color are presented in the experiments per- 
formed with polarized light Thus, if a thin film of doubly- 
tefracting mica is interposed in the tube (Fig. 174), so that the 
polarized ray, A C, shall pass through it, the beam G E, in 
some positions of the analyzer, will be brilliantly colored ; and 
when the analyzer revolves, this color will pass into its comple- 
mentary color at the end of 90^, and back to the same again at 
the end of 180°. The kind of color produced depends on the 
thickness of the film of mica interposed, so that, by varying the 
thickness, every tint of the spectrum can be seen. 

4T7« Systems of colored rings, both of simple and complex 
forms, are also exhibited by various kinds of crysUls placed in 
the polarized beam, revealing interesting facts respecting their 
iateraal structure. 

478* The wave theory, — ^The principles of this theory, 
which is now generally received, Mre the following : 

1 . An exceedingly rare und elastic ether fills all space, both 
about and within other bodies, and its elasticity is least within 
bodies of greatest refractive power. 

2. Bodies called luminous have the power of exciting vibrations 

Describe the changes. How are experiments on color performed ? What 
change occurs as the analyzing plate rerolyes ? What do the colors depend 
on ? In the wave theoi7, what kind of ether is assumed to exist? State the 
ttecond principle. 



THB WAVB TBBOBT. 273 

tfi thiM ether. How they do this is not ImowiL Soundiag 
bodies excite vibrations in air, by vibrating at the same rate 
themselves ; bat that luminous bodies prodnce light in the same 
manner is only probable, not certain. 

3. These vibrations travel in all directions, at the rate of 
192,500 miles per second. 

4. 7%« vibrations of the ethereal atoms are transversej or 
across the line of the ray, and that, too, in all directions^ in 
qniclr succession. It has already been noticed that water 
vibrates transversely, in one dircetion, 9nd that air, in convey- 
ing sounds vibrates longitudinally. It is a little more difficult 
to conceive correctly of the vibrations in light. It may be 
illnstfated thus: Suppose a stir exactly overhead; the ray 
whieh comes down into our eye consists of tremors of the par- 
ticles of the ether, north and south, northeast and southwest^ 
east and west, and in all other horizontal directions. And the 
number of yibradons in a second is so exceedingly great, that 
we commit but a slight error in saying that an atom vibrates in 
these millions of directions all at once. 

5. Oohrs are caused by different ^uUs of vibration^ just aa 
pitch in sound depends on the rate of the aerial vibrationa. 
Violet is caused by the fM>st rapid vibrations, corresponding to 
a high tone in music ; red^ by the slowest rate, .corresponding to 
a low tone. 

4179. Tbe most wonderful fact pertaining to the nature of 
light is the inconceivable rapidity with which the vibrations are 
made. For extreme red^ it is 458 trillions (458,000,000,000,000) 

Is it known how luminous bodies produce the yibrations ? At what raU 
do the wayes travel f What is the mods of vibration ? Illustrate by light 
from a star. What constitutes ceHor^ aceording to this theory ? What eolor 
in light eorresponds to a high pitch in sound? How many vibrtlious p«r 
•eeoBd in a red ray. 

12* 
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• 

of vibrations in a second of time; for extreme violet^ 727 tril- 
liotts per second ; and the mean rate is 541 trillions per second. 
In order^ therefore, to transmit light throngh space, every atom 
of the ether must, during each second, perform three thoosand 
times as many vibrations as tbere have been seconds from the 
creation of man to the present time. 



CHAPTER VI. 

OPTZOAL IKBTRUMBNTS. — VI8I0V. 

480» The mierosca})e. — ^This, as the name imports, is an 
instrument for viewing minute objects. The simplest kind is a 
convex tens. It has been shown (Art. 443) that when an object 
is nearer a convex lens than its principal focus, the rays are 
made less divergent, and form an apparent image on the same 
side of the lens. This image fills the same angle at the lens as 
the object does. But, as the eye may be close to the lens, the 
image may subtend an angle many times greater than it would 
do when viewed by the unaided eye ; and it appears magnified 
in the same ratio. If the ordinary limit of distinct vision be 
caUed Jive inches, then a microscope, whose focal length is one- 
fourth of an inch, would magnify 20 times in diameter, because 
the object, being twenty times nearer, would fill an angle about 
20 times greater. 

48 !• The compound microscope. — This instrument consists 
of an object-gUus and an eyeglass. The object-glass first forms a 

What is the avermge number! Define the miorowope. What is the sim- 
pleat kind I How does it enable us to see an object larger ? How is the 
magniQring power estimated t What does the compound microsoope oonsiit 
oft 
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real and enlarged image of the minute object^ and the eye-glass 
is used as a single microscope for viewing this image. The ob- 
ject, a b (Fig. 1V5), being placed a little 
beyond the principal focus of the object- 
glass, cd, forms a real and inverted image, 
ff h (Art 444); tod then the eye-glass, «/, 
is so situated, that ^ A is slightly nearer 
than its principal focus ; then the eye, at 
it, views this image by the aid of ef, as a 
single microscope. The object appears 
magnified, both because the image itself 
is larger than the object, and. again be- 
cause it is viewed so near, by aid of the eye-glass. If the 
image, ^ A, is in diameter ten times a 6, and is viewed twenty 
times nearer than in ordinary vision, the magnifying power of 
the instrument is 200 in diameter, or 200' {=^ 40,000) in area. 
483. When very great magnifying power is attempted, in- 
distinctness is produced by the spherical and chromatic aberra- 
tions. The greatest modem improvements in thcT compound 
microscope consist in the removal, to a great extent, of these 
difficulties. Fig. 176 represents 
the arrangement of parts in some 
of the best instruments. A is 
the object ; B, G, constitute the 
object-glass, consisting of two 
plano-convex lenses, each com- 
posed of a plano-concave of flint 
glass, and a double convex of crown glass (in the form shown 



ns.i7& 




1^ 



What is the office of the object-glass? Of the eye-glass? Illustrate bj 
the figare. Show how the power is estimated by an example. What mod« 
em improvements' have been made t Describe by the figare. 
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at TS)f for destroyuig the chromatic .aberration. D is a right- 
angled prism, for taming the rays from a vertical to a horizon- 
tal direction hj total reflection. E and F form the eye-glass, 
being in two parts, in order to diminish spherical aberration. 
The eye, at H, sees the object filling the angle between the 
dotted lines. 

483* The telescope. — ^The telescope is an instrument for 
viemng distant objects. An image is first formed by a convex 
lens, or a concave mirror, and then a single microscope is em- 
ployed for viewing the image, as though it were a small body. 
If the image is formed by a lens, the instrument b called a 
refracting telescope/ but if by a mirror, a rejlecting telescope. 

4:84:« The cLStronomical telescope. — This is the most simple 
of the refracting telescopes, consisting of a lens (called the ob- 
ject-glass), to form an image of the heavenly body, and a single 
microscope (the eye-glass), for magnifying the image. The 

• 

rig. 17T. 




image is at the principal focus of the object-glass, and the eye- 
glass is placed at its own focal distance from the image, in 
order that the rays of each pencil may emerge parallel ; there- 

What is the purpose of the telescope? What is accomplished by the ob- 
ject-glass? Bj the eye-glass? What two classes of telescopes ? Describe 
the oHronomieal teUsoope, Where is the imaff€ t How far firom it is the ey»- 
Iplass placed ? 
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fore, tbe two lenses are separated from eaoh other bj the sum 
of their focal distances. Ih Fig. 177, M N is the object-glass, 
P Q the eye-glass. A real image, a b, of the heavenly body is 
formed in the manner described (Art. 444). Thoagh the rays 
of each pencil are parallel after passing through P Q, yet the 
pencils themselves converge toward the axis; and F, where they 
meet, is the place for the eye. 

4:8S« The powers of the teleecope.—The magnifying power 
equals the ratio of the focal distance of the object-glass to that 
of the eye-glass. For, if a person should place his eye at the 
object-glass M N, the image a b would fill the angle a D 6, 
which equals ADC, the angle filled by the object ; therefore, 
it would appear just as large as the object. But when he is at 
the eye-glass P Q, it fills an angle about as much larger as it is 
nearer. Hence, it appears magnified in the ratio of D c to K c. 
It is therefore possible 'to magnify to any degree that is desired, 
aiiice the ratio of focal distances Hiay be made as great as we 
please. But it is of nt> use to magnify^ if the image is not both 
luminous and distinct. To secure a high illuminating power^ 
in viewing fidnt objects, the object-glass should be large, so 
that as many rays as possible may come from the object to form 
the image. And, that the image may be distinct^ in other 
words, that the instrument may have a good defining power, it 
is necessary to remove as far as possible the spherical and chro- 
matic aberrationSj^and all inequalities in the structure of the 
glass. From these last particulars arise the chief difficulties in 

Describe by the figure. How are the peneUa of paraUeL rajs related to 
each other, after passing through the eje-glass? How is the moffnififi/ng 
power estimated ? Show that this is true. Is the magnifying power made 
as great as possible? Why) What other powers are to be considered! 
How is great iUwninaHnff power obtained t What must be done to securt 
good de/Mng powerf 
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the way of makiDg a good telescope. And these difficultiea 
increase at a rapid rate, as th^ object^kss is enlarged. To 
diminish the tpherieal aberration^ the object-glass is groond so 
as to be slightly less carved toward the edges (Art 447), and 
the eye-glass is made of two plano-convex lenses. To prevent, 
as far as possible, the chromatic a^nrration, the object-glass con- 
sists of two parts, a convex lens of crown glass, and a concave 
of flint glass, as described in Art 456. The difficulty of remov- 
ing all inequalities of density from lai^ lenses is so great, that 
no object-glass of excellent quality has yet been prepared, whose 
diameter is more than fifteen or eighteen inches. 
4L8A* Terrestrial telescope. — In order to secure simplicity, 
*and thus the highest excellence, in the astronomical telescope, 
the image is allowed to be inverted, a circumstance of no im- 
portance in viewing the heavenly bodies. For terrestrial objects 
it is necessary to add other lenses, in order to bring the final 
image, erect A telescope having such a construction is called 




a terrestrial telescope, or a spy-glass. In Fig. 178, M N is the 
object ; A B, the objectrglass ; m n, the inverted image, slightly 
beyond the principal focus; C D, the first eye-glass, which 
renders the rays of each pencil parallel, but converges the pen- 

What are the great difUculties in the way of making a good telescope! 
How remedied 9 How large an object-glass of first qualitj has been madef 
In what position are the objects seen ! What is done to fit tLe telescope for 
terrestrial use f Describe the instrument. 
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cils themselves to L. Instead of placing the eye at L, as in the 
astronomical telescope, a second eye-glass, E F, is placed so aa 
to receive them all after they have crossed, and converge them 
to points in a second image, m! n\ This image is erect^ because 
of the crossing of the pencils at L. The third eye-glass, G H, 
is the microscope with which m' n' is magnified. Such instru- 
ments are usually of portable size ; and to render them still 
more convenient for transportation, they are often m^de of 
separate tubes, which slide together in a very compact form. 

48 7 • Galilean telescope. — This was the first form of tele- 
scope, having been invented, as the name implies, by Galileo. 
It differs from the common astronomical telescope, 4.n having a 
concave lens for an eye-glass. Fig. 179 explains its construction.* 

Fig. 179. 




The convex object-glass converges the rays, MA, M F, M B, 
which come from the top of the. object, toward m, the bottom 
of the image ; and the rays from the bottom of the object (par- 
allel to N F), toward », the top of the image. But before the 
pencils reach these focal points, they are intercepted by the 
concave lens, D, which renders the converging rays of each 
pencil parallel, and thus brings them to the eye. The object 
appears erect, because the pencil from the highest point still 



How is the spy-glass made portable? What was the earliest form of tele- 
scope? By whom invented! Describe it 
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app$mr9 to eome from the top of the virtual image, and the 
k>we6t pencil from the bottom. Bat, on acconat of the increaaed 
diveigency of the aeyeral pencils^ only the central ones can ea- 
ter the e je ; and, for this reason, the field of view b quite limited. 
It has Uttle value except as ^Jmder^ or as an cpera^lasSf to be 
held in the hand ; for such uses it is convenient^ on account oi 
its compact f<mn. 

488. Oregwian telescope, — ^Thisis the most frequent form 
of reflecting telescope, so named from its inventor, I>r. Gregory, 
of Scotland. The light from a heavenly body, entering the 
open tube, B A D C (Fig. 180), is received on the large coa- 

Fig. 180. 




rave speculum, E £, which forms an inverted image, m n, at 
ihe principal focus; the rays of each pencil, having crossed 
( ach other in the points of this image, &11 on the small concave 
mirror, F F, which is distant from it a little more than its own 
focal length ; hence, another image, m n, is formed beyond its 
center of concavity, inverted in relation to the first, and there^ 
fere erect in relation to the object. This second image is in the 
eye-piece, abed, the light having been let through an opening 

Whal great disadvantage has it f For what purpose now used f What is 
the most common form of refieeiing telesoope I B7 whom invented ? De" 
■cribeit. What is the position of ih« flist image Y Oftheseoondt 
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1 ^e center of tlie large mirror. The eye-glass for yiewing 
this image is at a c, in the end of the small tube. To prevent 
confusion in the figore, only four rays are drawn, and those from 
the center of the object. These, after being reflected by E £, 
are collected at the center of the first image, and after reflection 
again by F F, are conveiged to the center of the second image. 
Rays from the top of the object would enter the tube inclining 
downward, and be collected atn, the bottom of the first, and the 
top of the second image ; while rays from the bottom of the 
object would meet at m in each image. The small mirror F F, 
and the hole through the large one, do not intercept the view of 
any part of the object, but only diminish a little the light of 
each point of the imaspe, 

489* Herschelian telescope, — Sir William Herschel modi- 
fied the Gregorian telescope by dispensing with the small re- 
flector F, and inclining the speculum £ £, so as to form the 
image near the edge of the tube, at D, where the eye-glass is 
attached, for viewing the first image m n. While some incon- 
venience arises from the situation ef the observer, with his back 
to the object, much light is saved, and there is grealer simplicity 
of the. instrument. The speculum of Herschel's telescope was 
about four feet in diameter, and weighed more than 2,000 
pounds. Its focal length was about forty feeU * The Earl of 
Bosse has more recently constructed an Herschelian telescope, 
having an aperture of eix feet, and a focal length of fifty 
f&et 

490. The perspective glass, — ^This instrument consists of a 
large convex lens and an inclined mirror, fitted up for viewing 

Does the small mirror hide any part of the object? How is this telescope 
changed to an Herschelian ! What inconyenience attends the latter % State 
the siae of Hersehel's. Of Lwd Sosae's. What does the ptrtptctiee fla$$ 
eonaiBt oft 
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pictures. The lens, A A {Fig. 
181), ia placed vertically in a 
fr&me or eide of a box, and be- 
hind it the plane mirror BB, in- 
clined at an angle of 45°. Tha 
perspective, €, lies boriEontatly 
below the mirror; and if the 
whole diHtance from it to the mir- 
ror, and thence te the lens, is less 
than the- principal focal length of 
the lens, then the image nill be 
an apparent one, eitu&ted behind 
the mirro^ in an erect position. 
The picture appears magmfied, 
and the riew of sorronnding objects being eiclnded, the reprt- 
m like a reality. 




491. The maffic lanlem. — This is an iDstmment for pro- 
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jecting on a screen, real and much enlarged images of 
transparent paintings. It consists of a box (Fig. 182), con- 
taining a lamp, and having openings above and below, so 
arranged as to allow free ventilation, without permitting any 
light to escape. In front of the lamp is a convex lens, C, 
for concentrating the rays upon the transparency. A concave 
mirror, £ E, behind the lamp, also helps to increase the light. 
B is the place of the painting on glass, and A is the lens, by 
which a distant and magnified image, F, is formed. It is neces- 
sary to illumioate the object B as much as possible, because the 
light radiating from it is to be spread over r.v Imaga. hundreds 
of times larger, and the light of it therefore as many times less. 
By an* adjusting scre^, a, the distance between A and B may 
be altered, so as to bring the image accurately on the screen. 
The magic lantern is employed for purposes of amusement, and 
also for illustrating some branches of science. 

493. There are several modifications of the magic lantern, 
having specific names, according to the particular ine to which 
it is applied. Thus, it is called phantasmagoria, when it 
is furnished with mechanism by which the exhibiter may alter 
its distance from the screen, and produce a corresponding change 
in the focal length of the lens. If the lantern recedes from the 
screen, and the image is kept distinct, it enlarges in size, and 
therefore seems to be approaching the spectators. The pofy' 
rama is a combination of two magic lanterns, for exhibiting 
what are called dissolving views. The two lanterns are placed 
so as to throw their images upon the same ground ; but, while 
one lamp is shining with its full brightness, the other is made to 

Describe it. How is the light concentrated 9 .What objects are emploj- 
ed? How is the picture made distinct? When is the instrnment caUed 
phoMUumagoriaf Wben called poiyramaf How does one image diasoivo 
into another! 
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grow gradoally dim, and tlius the picture which it formed by 
degrees fades oat, and disappears. The operator then can dimin- 
ish the intensity of the bright light and increase that of the other, 
thus causing the two pictures to blend, while one slowly disap- 
pears, and the one before invisible comes to its fall brightness. 

4L98* The solar microscope, — ^This does not differ in princi- 
ple from the magic lantern. Bat, for illumination, the solar or 
eUctrie light b used, and images are formed, not of transparen- 
eies, but of minute natural objects. The lens, which forms the 
image, is fixed in the end of a tube, and at the other end is a 
mirror, which can be turned on a hinge, to incline at any angle 
with the axis of the tube. This apparatus is attached to a win- 
dow-shutter, the mirror on the outside, and the tube within the 
room. By adjusting-florewB the mirror is so inclined as to 
reflect the sunbeam along the tube, where it is concentrated 'by 
ienses upon the minute object, lying just back of the image- 
lens. In this way the light may be made so intense, that the 
images of ininute objects will be plainly seen when magnified 
milHons of times in area. The electric light is often employed 
instead of solar light, and the instrument can thus be used when 
the sun is sot shining. When images are so exceedingly mag- 
nified, the spherical aberration becomes a serious difficulty ; and 
hence, though such instruments are yaluable, as a means of 
affording entertainment or inston<^oh, they are far inferior to the 
compound microscope finr the purposes of investigation and 
discovery. 

4t9A. The camera o&fCTcra. — «* This name, which signifies 
dark chamber^ is applied to any arrangement for producing by 



DaMribe the solar microscope. What kind of objects is used ¥ Are' the 
images perfect? Whjt Are such instmmeBts yalaable for iBre8tigatio& f 
For instmetioo r Giv« the meaning ef Mi9»€»^«fa0iH!«k 
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s conrtx leiii» a dktiiict leal image of objaeU on a seteen for 
copying. The image in the camera ohscora ia naiiallj amaDer 
than the object, thoo^ ta nse maj be Taried to any extent. 
If a lens be fitted into an opening in a window-ahntter, -the 
images of external objecta are beaatifoUy formed on a icreen 
at the proper focal distance, representing the objecta in form^ 
relation, and color, in a perfect pictare. They are, howeroTy 
inverted, both yertieally and horizontally ; ao that^ if copied, 
and placed eiect, they are etill inverted from right to left. This 
can be remedied, by allowing the images to ftll on a tranalnoeni 
screen, and copying them on the opposite side. Or, the light from 
the objects may first fall on a mirror, inclined 45^, and the im- 
ages pictured on a liorizontal table. Am the mirror changes the 
relation of right and left, the images will be correct in tiiat 
particular, when viewed right side up. Hie instrnmoit beeomea 
portable when the lens is placed in the side of a box, and the 
images are formed on the opposite side upon ground glass, so 
as to be seen through upon the back. 

40S. 27i€ pimtographie art — ^The portable form of the 
camera obscura has come to be of inestimable value in the new 
art oi photography^ or delineating hy light. The first process in 
the art of rendering permanent the image formed by a lens was 
invented by Daguerre, who prepared a metallic plate with a 
surfkce of polished silver, rendered that surfiu^ sensitive to the 
action of light by the vapor of iodine, and then let the image 
of the camera ML upon it. Pictures produced in this manner 
are cafled daguerrtotypei. 

The photograph' jA a picture formed on ehemically prepared 

— - ■ . . — 

Describe the amngement. If fhe images sre copied tad tnraed right 
side iip» ve thej oorrectf How eta the •vil be prevented I What is phet^ 
p'wplyyf DcMsribe'the flrtt iaveatiOD. Bj whem msdet H/hs* wen the 
pictnreB esUed I 
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paper, by light passing through the transparent parts of a pictnrc 
which is first taken on glass, in a manner similar to a daguerreo- 
type. The light which is transmitted darkens the paper, accord- 
ing to the degree of its intensity, and -the lights of the picture, 
therefore, occur where no light is transmitted through the glass. 
The picture on the glass is called a negative ; and the same 
n^^tive may be used an indefinite number of times in multi- 
plying photographs. 

496« Imogen hy an aperture only, — Inyerted pictures of 
external objects may be seen, &intly formed on the wall of a 
darkened room, when the light enters through a mere opening 
in the opposite wall. Thus, if an aperture, an inch or less in 
diameter, be made in the tight shutter of a room, and all light 
be excluded except that which can enter through this aperture, 
then the opposite wall, or a screen a few feet distant from the 
window, will be covered with inverted images of all the exter- 
nal objects in sight. These images have the same colors and 
forms as those of the camera obscura, but they are not distinct. 
The outline of every figure, instead of being shYirplj defined, 
appears blurred. And, if the size of the aperture is altered^ it 
is noticed that, as it becomes smaller^ the pictures have more 
distinct outlines, while, if it is enlarged, they are more confused. 
But the form of the opening has no influence whatever on the 
images ; no change is produced by substituting for a dreular 
apwture, one which is square^ triangular^ or of any other 
fonn. 

497. The reason for these images is explained, when it is 
considered that every point of an external object sends through 



What is a fkotograflkt Describe the process of making it. What * is the 
iM^oltM / Describe the effect of an apertttre in the wall of a dark room. 
Are the imagee distinct I Whj t State the effect of altering the mm of the 
aperture. Of altering the/orm. Sxplain whj images are formed. 
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the opening a straight pencil of light, which falls on the oppo- 
site wall, and illaminates a small spot with the color of that 
point. Thus, if the hole is a small circle, a cone of rays from 
one point at the top of a tree passes through it, and falls in a 
small circle low on the wall ; another from the bottom of the 
trunk strikes near the top of the wall in another circle^ and, in 
a similar manner, a cone of light from every point of the tree 
forms a little circle in a corresponding part of the image. The 
picture is inverted, because the pencils all cross at the aperture. 
It is indistinct, because a circle takes the place of a point, and 
the circles which correspond to contiguous points must overlap 
each other, and mingle their light together. It is more distinct^ 
though less luminous, when the opening is smaller, since the 
circles, being smaller, do not overlap so much, but iipproach 
towards the size of points, which they should be, in order for 
perfect distinctness. The form of the aperture is immaterial, 
since the arrangement of the spots continues the same, and the 
eye cannot discern whether the picture is composed of innu- 
merable circles, or squares, or triangles, blending with each 
other. The irregular interstices between leaves of trees form 
so many circular images of the sun in the shadows of those 
trees on a smooth floor or pavement. 

As soon as a convex lens is placed at the opening, the rays 
of the several cones or pyramids are converged to points on the 
wall, and then the parts of the picture become well defined like 
the objects themselves, as already described. 

498. The eye, — The organ of vision is an optical instru- 
ment of wonderful perfection ; and though, after long and care 

Whj thej are inVerted. Why they become more distinct by diminishir 
the aperture. Why change of form does not alter them. Why does a oo 
▼ex lens make the pictares distinct! What instrument does the ty^ rest- a 
blel 
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fal atady, tiiere are in it some particalan not well nnderstcKMif 

yet the general plan of its constroction is simple. It may be 

yig^isji^ considered as a camera obscurely 

since it consists of a darkened 
room, having aperture, lens, and 
screen, for the formation of ima- 
ges of external objects. The prin- 
cipal parts are represented in Fit<. 
183. The general form of the 
eye is a sphere, bat the transpa- 
rent front, a a, called the cornea, is 
elhpfloidal, and more prominent than the rest Behind the 
cornea is the aqueoiu humor, A, a semi-liquid, like the white of 
an egg, in the back part of which is the iris, or colored partition, 
e c, having a ronnd hole in the center of it, called the pupil, B 
is the crystalline humor, a doable convex lens, of yielding 
solid material. The remainder of the eye, 0, is occupied by 
the vitreous humor, very mach resembling the aqueous. The 
crystalline humor has a little greater refractive power than the 
others; but none of them in this respect differ much from 
water. Back (A the vitreous humor, and lining the whole 
sphere, beyond the edges of the crystalline at i i, is the retina, 
a delicate net-work of nerve, formed by the expansion of the 
optic nerve, O ; which enters the back part of the eye, about 
15^ from the center, toward the nose. A second lining, m m^ 
outside of the retina, called the choroid coat, has a jet-black 
surface next to the retina, which absorbs the rays as soon as 
they have excited the nerve, and prevents their reflection within 
the eye. The sclerotic coat, or white of the eye, is a firm case 

■ ■ ■ ' ■ ' ■ ■ I I M . II I I .1 . I ■ 

Describe the pnnoipal parti. Wliat is the refraetiTe power of the humors f 
What encloaes the whole ? 
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wliicli encloses the whole, and unites with .the edges of the 
cornea near the front. 

■ 

4:99. As light comes to the eye, it is refracted principally 
at the surface of the cornea ; for there is too little change of 
density to produce much convergency afterwards. The rays 
of all pencils which enter the pupil are converged accurately to 
corresponding points on the retina; and these are united in 
distinct images of external objects. . 

500. Adaptations, — The cornea is of ellipsoidal shape, and 
has the proportions which calculation shows to be requisite for 
preventing spherical aberration. For the same purpose, the 
crystalline is more dense in the central parts than toward the 
edges. 

501. There is great advantage in placing the pupil within 
the eye instead of on the front ; for now most of the conver- 
gency takes place before the rays reach the pupil, and, there- 
fore, objects situated very obliquely are in sight. Without 
turning the eyes at all, a person can see all objects which lie 
within a range of 150*^. 

S03, When an object approaches a lens the image recedes, 
and when the object removes to a distance, the image ap- 
proaches the lens ; hence, unless the curvature of the lens, is 
changed, or the screen moved, there is indistinctness, since the 
converging rays in one case have not reached their focal points, 
and in the other have passed beyond them, and diverged. In 
like manner, since we can see distinctly at various distances, 
there must be in the eye the power of adapting itself to changes 
of distance. And we are conscious of making some muscu- 

Where does the refraction mostly take place f On what are the imas^es 
formed ? What is the form of the cornea f Why? Why is the pupil not at 
the front? How far around can we see without turning the eyes? How is 
' the eye adjusted to different distances ? 

13 
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lar effort to alter the condition or form of the eye, whenever 
we look first to a near and then to a distant object, or the 
reverse. 

tS03« The eyes of animals are adapted, in respect to their 
refractive power, to the mediam which surrounds them. The 
haman eje is exactly fitted for seeing in air, but would not an- 
swer that purpose in water, because its density is almost equal 
to that of the humors of the eye ; hence, a pencil of rays, 
passing from water into the eye, would scarcely be converged 
at all. 

904. The pupil of the eye can enlarge or contract, accord- 
ing as more or less light is needed. This change takes place 
involuntarily, and may be seen in a glass, whenever the degree 
of light is suddenly changed. It is partly because the pupil 
does not change quick enough, that strong light is so painM, 
when we suddenly go into it, and that darkness seems greater 
at first than, after we have been in it for a time. The pupil is 
not circular in the eyes of all animals, but is elongated vertically 
in beasts and birds of prey, and horizontally in those that 
graze. 

SOS» The image on the retina is a real, not an apparent 
image, and is Aerefore inverted. It should occasion no sur- 
prise that we see objects erect, while the images are inverted ; 
for the image is not the thing *een, but that by means of which 
we see; and we naturally judge that part of a body to be 
highest, which requires us to turn the eyes upward to see it 
directly. 

Why would not our eyes serre for seeing in water ? Is the pupil always 
of the same size t Why does it alter f Is the change voluntary ? Explain 
the effects of going suddenly into strong light, or into the dark. Speak of 
the pupils in the eyes of animals. What is the position of the image t Whjr 
do we see things tredf • 
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«S06« An object appears as one, though .we see it by means 
of two images ; but this is only one of many instances in which 
we have learned by experience to refer two or more sensations 
to one thing as the caupe. Provided the images fall on parts 
of the retina which in our ordinary vision correspond with 
each other, then by experience we refer both impressions to one 
object ; but if we press one eye aside, the image falls in a new 
pla'ce, and the object appears aouble. 

tS07. The spot where the nerve enters the eye is insensible, 
and we cannot see any small object with either eye, when the 
image ia\\s on that spot. This fact is not readily discovered, 
because an object can never disappear in this way to both 
eyes at once. To prove the fact it is only necessary to shut 
the right eye, and then turn the left eye about IS** to the right 
of any small conspicuous object, and it vanishes, though on 
turning the eye still farther away it reappears. Or the left eye 
may be shut, and the right eye turned to the leftsii the object. 

S08« Long-sightedness, — In early life the eye generally has 
power to converge the rays from an object until it comes within 
about five inches of it. Hence, this distance is often called the 
limit of distinct vision, since there is indistinctness if the 
object is nearer than this limit. But advancing age usually 
produces the eflfect of diminishing the convexity of the 
humors, and placing the limit of distinct vision farther off; 
and not unfrequeptly the limit is removed to an infinite dis- 
tance, when no rays but those which are parallel, and perhaps 
not even those, can be converged to a focus on the retina. This 
defect of vision is termed long-sightedness. It can be remedied 

Why do we see an object single? What part of the retina is insensible? 
How may it be perceived? What is the UmU of distinct vision I How' 
great ? The effect of age ? Why ? What remedy ? 
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by the use of convex spectacles, which compensate for the too 
great flatness of the eye. As the eye does not sufficiently con- 
verge the rays of the several pencils, they fall on the retina in 
small circles instead of points, and these circles overlap and con- 
fuse the details of the image. A lens of proper convexity 
causes the rays to converge more, and meet on the retina. 

S90m Short-sightedness. — ^When the eye has undue con- 
vexity then the limit is less than Jive inches ; and when it is 
much less, there is likely to be another limit, beyond which all 
objects are indistinct This is shortsightedness. The rays 
from objects beyond the greater limit are so much converged 
by the eye, that they meet in focal points before reaching the 
retina, cross at those points and' fall in circles, which overlap, 
and cause confusion of the same Mnd as occurs in long-sight- 
edness. The remedy for this is the use of concave spectacles, 
which, if they have the proper degree of curvature, just com- 
pensate for the excess of convexity in the eye. 

810. Direct and indirect vision, — To obtain a distinct and 
satisfactory view of an object, the axes of the eyes are ordina- 
rily turned directly upon it, in which case each image is at the 
center of the retina. But when the light from an object is 
exceedingly faint, it is better seen by indirect vision ; that is, 
by looking to a point a little on one side, and especially by 
changing the direction of the eyes from moment to moment on 
all sides of the object to be seen. Many of the fainter heavenly 
bodies are seen by indirect vision, when by direct vision they 
cannot be distinguished at all 

ffll« Continuance of impressions, — ^The impression which 

Why is the image indistinct? What is short-^htednesa t What oiher limit 
in this case? Whj is there indistinctness? How cured? What is dvr^ 
vision ? Indinot vision f When is the latter useful I Describe cases. 
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a visible object makes upon tbe retma, ordinanly continuer 
about one-eigbtb or one-Dinth of a second ; so that if the object- 
is removed for that length of time, and then reoccnpies its 
place, the sight of it is not interrupted. A red-hot end of a 
brand, if whirled eight or nine times in a second, appears in aU 
parts of the circumference at once. Two pictures on opposite 
sides of a disk are brought into view together, as parts of one 
and the same picture, by whirling the disk rapidly on one of 
its diameters. Such an instrument is called a thaumatrope. 
Fig. 184 represents the ap- 
pearance produced when 
horses are painted on one 
side, and chariot and cha- 
rioteer on the other. The 
pkantasmascope is con- 
structed on the same 
principle. Several pic- 
tures are painted in the 
sectors of a circular disk, 

representing the same object in a series of positions. These 
are viewed in a mirror, through holes in the edge of the 
disk, as it revolves quickly in its own plane. Each glimpse 
which is caught, whenever a hole comes before t}ie eye, pre- 
sents the object in a new attitude ; and all these views are in 
such rapid succession, that they appear like one object going 
through the series of movements. 

ff 19« There are impressions on the retina of another kind, 
which are produced by strong lights; they continue for a 




How long do yisual impressions last! Illustrate by experiment. Describe 
ihe thaumairope, The phanktsmMoops. Explain each. What other kind of 
impressionB, and in what circumstances? 
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longer time, and are in respect to color unlike tlie objects whicli 
produce them. Thej are commonly called accidental colors. 
If a particular part of the retina is for some time affected 
by the image of a bright-colored object, and then the eyes are 
shut, or turned upon a white surface, the form appears to 
remaitf, but the color is complementary to that of the object ; 
and its continuance is for a few seconds or several minutes, ac- 
eording to the vividness of the impression. Hence it is, that 
patches of sky .nearly white appear greenj when the eye is 
strongly affected by red clouds. 

513. Estimate of distance and size of bodies : — 

1. if objects are near, we judge of relative distance by the 
inclination of the optic axes to each other. The greater that, 
inclination is, or, which is the same thing, the greater the 
change of direction in an object, viewed first by one eye, and 
then by the other, the nearer it is. If objects are very near, 
we judge of their distance by the divergence of the rays which 
enter one eye alone. 

2. If objects are known, we Estimate their distance by the 
visual angle which they fill, having by experience learned to 
associate together their distance and their apparenty that is, 
their angular size. The smaller any known object appears, the 
farther off do we judge it to be. 

d. Our judgment of the distance of remote objects is influenced 
by their clearness or ohscuritt/. Mountains, and other features 
of a landscape, if seen for the first time when the air is remark- 
ably pure, are estimated by us nearer than they really are ; and ^^ 
the reverse, if the air is unusually hazy. 

What are they called f How do they differ from the objects ? What does 
their continaance depend on ? Example of sky and clonds. State the first 
method of judging of distance. If objects are known, how do wc Judge? 
What effect has the state of theair ! 
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4. Oar estimate of distance is more correct, when many ob- 
jects intervene. Hence it is, that we are able to pl^ce that part 
of the sky which is near the horizon, further from us than that 
which is over our heads. The apparent sky is not a hemisphere, 
but half of an oblate spheroid. 

til 4. Our judgments of distance and of magnitude are 
closely associated. If objects are known, we estimate thek 
distance by their apparent size, as has been stated ; but if un- 
known, we must first judge of their distance by some other means, 
and then we are prepared to estimate their real, from their 
apparent size. And if we mistake as to the distance, we inevi- 
tably mistake also in respect to size. An insect crawling slowiy 
•on the window, if by mistake it is supposed to be some roda 
beyond the window, will appear like a bird flying in the air, or 
like a beast bounding over the earth. The moon near the ho- 
rizon appears larger than above us, because by means of the 
intervening objects we are able to locate it further oflf. 

SIS, Binocular vision. — If an object is quite near us, we 
have two different views of it at once, — one by the right eye, 
the other by the left. By the right, we see more of the right 
side ; by the left, more of the left side. By these two views we 
learn to judge at once of the relief of an object, that is, the 
different distances of its parts from us. In this respect, binoc- 
ular vision, or vision with two eyes^ has a great advantage ovei 
vision with one eye. 

S10« The stereoscope, — Pictures may be made to appear in 
reliefi like real objects, if the view presented to one eye differs 

The fourth way. What is the apparent shape of the sky ? Show how 
error in judging of distance affects our judgment of size. Examples. In- 
sect. Moon. What is binocular vision ? What advantage has it over vision 
with one eye f Describe how picturet may produce the same ettiects as real 
objects. 



OPTICS. 



lis. 186. 



from that presented to the other, just as the two views of the 
real objects would differ. This is accomplished bj taking two 
photographs of an object from different points of view, and so 
placing them, that each is seen only by one eye, and yet both 
appear to occupy the same place. An instrument which ena- 
bles us in this way to view a pair of pictures as one real object, 
is called a stereoscope. Let the photograph, which was taken 

from the right-hand point of view, be 
placed at A (Fig. 186), the other at B. 
Two halves of a convex lens, D and F, are 
placed above, with their thin edges towards 
each other. The pencils of light from A 
and B pass through D and F, and are bent 
outward, so as to appear to come from one 
picture at 0. The lenses also produce a 
magnifying effect. In this way, an appear- 
ance of relief and reality is given to sur- 
face pictures, precisely like that obtained 
from viewing the objects themselves. 




What instrameni enables us to do this ? Are the two parts of a sterograph 
Alike Y How should they differ ? How are the lenses placed f 
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